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1 Introduction 
Inventory counts for a significant part of total assets of a company, in some cases, the 
largest. Companies are holding inventories in order to have enough stock to fulfill sales 
orders, and insufficient inventory can cause the loss of sales and it is expensive. On 
the other hand, excess inventory takes up unnecessary space in the warehouse, and 
most importantly, ties up monetary assets, lowers profit and cash flow. Finding the right 
balance of inventory level that can minimize inventory value and maintain a healthy 
level of customer service is one key challenge to many businesses. This thesis exam-
ines inventory status of the case company, identifies issues and proposes an inventory 
management framework that minimizes inventory value without sacrificing service lev-
el.  
 
1.1 Business Context 
The case company of this thesis is a Finnish manufacturer and supplier of kitchen 
equipment, serving restaurants and professional kitchens. Currently the company is the 
market leader in the region and one of the leading brands in Europe. Sales offices are 
located mainly in Finland, Sweden, Norway, the Baltic States, and some in Benelux 
countries.  
 
The company has two primary business units: manufacturing and wholesale unit. The 
wholesale unit buys and sells finished products from vendors around the world, includ-
ing its own manufacturing unit. This thesis study focuses on the inventory of wholesale 
unit only.  
 
Despite the various sales office locations in Europe, the inventory of the wholesale unit 
is centralized in one single location in Finland, where the headquarters is. This central 
warehouse supplies goods and fulfill orders for all sales offices. The replenishment of 
inventory is centrally managed by the headquarters. In the central warehouse, the in-
ventory is made of two types: make-to-order (MTO) products and make-to-stock (MTS) 
products. MTS products are stored in the warehouse and often available for immediate 
fulfillment, while MTO products are ordered only after a customer order is received. 
The amount of MTS products directly affects the value of inventory. This study focuses 
on MTS products only.  
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1.2 Business Challenge, Objective and Outcome 
Make-to-stock (MTS) products account for thousands of SKUs with excess inventory 
value in the central warehouse.  There is a need to investigate into current inventory 
management of MTS products and look for ways to reduce the number of SKUs as well 
as the amount of total inventory value, in order to free up working capital and lower 
inventory holding costs. 
 
The objective of this thesis is to find a way to minimize inventory value of the make-to-
stock products for the wholesale unit in the case company, while maintaining prede-
fined service level as the form of stock availability. The expected outcome is an inven-
tory management framework for make-to-stock (MTS) products, which avoids sub-
optimization and achieves the balance between lowering inventory level and improving 
or maintaining service level.  
1.3 Thesis Outline 
To achieve the business objective, firstly, the best practices from existing literatures 
were studied, as inventory management is a classic management topic, the best prac-
tices are available to tackle various inventory related problems. Secondly, after forming 
the conceptual framework of the best practice, the study investigated into the current 
practice of inventory management in the case company, to understand what work well 
and what not. What work well are to be maintained, while what work not well are to be 
improved with the existing knowledge. Thirdly, the proposal was built to answer the 
questions how to integrate the best practice into current practice. Finally, to become a 
practical and valuable solution for the case company, the proposal was evaluated and 
validated by the key stakeholders.  
 
Following the logic, this study was written in seven sections: Section 1, Introduction 
briefed the background and challenges of the case company, as well as the objective 
and outcome of this thesis study. Section 2, Method and Material explained how this 
study was done in steps. Section 3, Best Practices from Literatures introduced the in-
ventory management framework consisting of three sub-subjects: category manage-
ment, inventory control system and replenishment process. Section 4, Current State 
Analysis revealed the current practice from the same sub-subjects and finalized with 
strengths and weaknesses. Section 5, Proposal introduced the initial proposal and ex-
plained how it was built. Section 6, Validation tested the ideas of proposal and demon-
strated whether the proposal worked to achieve the objective. Section 7, Conclusions, 
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as the final step, summarized the study and provided suggestions for the implementa-
tion.  
1.4  Key Concepts 
 
ABC Analysis An inventory management technique that is used to 
categorize a large number of products into predefined 
categories. Inventory review system or policy is as-
signed to different categories based on ABC categori-
zation or classification. 
Continuous review system Known as fixed point reorder system. A replenishment 
order is placed at a specific stock level. (Rushton 
2011) 
Inventory management A key element of logistics and supply chain manage-
ment. Inventory management decides on when to or-
der, how much to order and how much stock to main-
tain. (Murphy and Wood 2014) 
Inventory review system Knows also as inventory review policy or inventory 
control system, is a way of tracking inventories. Peri-
odic and continuous reviews are the two main meth-
ods. (smallbusiness.chron.com) 
Make-to-order product Opposite to make-to-stock product, make-to-order 
product is not produced unless someone orders it. It is 
often referred to a pull-type production. (lean-
manufacturing-japan.com) 
Make-to-stock product a type of products that are produced based on de-
mand forecasts, it is often regarded as push-type pro-
duction. MTS products are kept in stock to prevent 
stockout. Amount of MTS can be minimized by accu-
rate demand forecast. (lean-manufacturing-
japan.com) 
Max-min inventory control 
system 
An inventory control system that control quantities in 
stock stay within a predefined range. (USAID Deliver 
2011) 
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Periodic review system An inventory control method that examines stock level 
at regular intervals 
Safety stock is the term to describe the extra stock built to minimize 
the risk of supply and demand deficits due to inaccu-
rate demand forecast, it is one way to prevent out of 
stock, is also called buffer stock, commonly exists in 
manufacturing companies. 
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2 Method and Material 
This section addresses the research method and material used during the study. This 
section starts with the overview of the research approach and research design, fol-
lowed by the description of data collection and data analysis.  
 
2.1 Research Approach 
For this study, the case study was selected as the research approach. Case study is 
described as “an empirical inquiry that investigates a contemporary phenomenon with it 
real-life context, especially when the boundaries between the phenomenon and the 
context are not clearly evident” (Yin 2009:13-14). A case study tends to clarify on a 
decision, why it is taken, how to implement and what results to expect (Schramm 
1971). Woodside and Wilson (2003) describe the case study research as “an inquiry 
focusing on describing, understanding, predicting, and/or controlling” the individual or a 
phenomenon (Woodside and Wilson 2003: 494).  
 
The nature of case study allows the use of evidences from different sources, which 
paints a richer picture of an issue compared to other single methods (Dubé & Paré 
2003). Additionally, multiple data collection techniques can be used, for example, inter-
views and company documentation (Dubé & Paré 2003).  
 
In most of the cases, case study research selects a variety of research methods, most-
ly relying on either qualitative or mixed research methods. Qualitative method studies a 
subject in depth through texts collected from interviews, workshops, observations and 
documents. In qualitative research, researcher aims to gain a holistic view of the con-
text, and understand problems from the inside (Miles and Huberman 1994). On the 
contrary, quantitative approach typically focuses on collection of numbers and statisti-
cal analysis. This method includes facts, figures and calculations, therefore particularly 
good for studying large sample. It provides reliable, stable relationships between varia-
bles. A researcher typically uses quantitative approach to observe patterns, trends in 
the data.  
 
In this study, the approach corresponds to these ideas of a case study, with high inven-
tory value being the contemporary phenomenon in the case company, on which the 
researcher conducted investigation and decided on the ways to reduce inventory, 
planed implementation and illustrated the expected results. In this study, the case 
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study approach supports combination of qualitative and elements of numerical calcula-
tions. 
 
In this study, the methods used include mixed qualitative research with numerical cal-
culation elements. This study uses qualitative method to understand processes that 
affect inventory in depth, to trace the causes of high inventory value. In addition, the 
researcher analyzed numerical data, such as SKUs, inventory value, lead time, safety 
stock and past consumptions.  
 
2.2 Research Design   
Research design is made of the steps for conducting the study, as visualized in Figure 
1. The white boxes contain the titles of the steps as well as the lists of main points, the 
green boxes include the sets of data collected from each step and the methods used 
for the data collection, while the orange boxes illustrate the outcome of each step.  
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Figure 1. Research design of this study. 
As seen from Figure 1, step 1 defines the objective, which is the direction for the study. 
The business challenge of the case company was some substantial amount of working 
capital being tied up to the inventory, thus the objective of this study was to find a solu-
tion to tackle this challenge and improve the situation. 
 
After defining the objective, Step 2 studied the best practices for reducing the inventory 
from existing literatures related to three subjects: category management, inventory con-
trol system and replenishment process. The outcome of Step 2 is the conceptual 
framework. Following the same logic of Step 2, Step 3 analyzed the current inventory 
management of MTS products from the three subjects, the current category manage-
ment, the current inventory control system, and the current replenishment process. The 
outcome of Step 3 is the strengths and weaknesses of the current state. Step 4 focus-
es on building the draft proposal that transforms the weaknesses of the current state 
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with the ideas from the conceptual framework. In the final Step 5, the draft proposal 
was adjusted according to the input from the stakeholders, and was tested. After the 
validation of the proposal, the initial proposal was accepted as the final proposal. 
 
2.3 Data Collection and Analysis  
There were three types of data collection utilized in this study. Data 1 collected and 
analyzed the data relevant to the current processes, which provided in-depth under-
standing of the current category, purchasing and replenishment processes that enabled 
further analysis. Analysis of Data 1 resulted in strengths and weaknesses of the current 
inventory management, as well as the focus and priority for improvements. Data 2 col-
lected ideas on improvements from internal participants in the research. The draft of 
the proposal was built based on the outcomes of integrating Data 2 and the conceptual 
framework. Finally, Data 3 was collected from the evaluations and feedback by the 
stakeholders before the proposal was approved for implementation. Table 1 below pro-
vides an overview of the Data collections 1-3.  
 
Table 1. Overview of data collections 1-3. 
 
 
As seen from Table 1, Data 1, 2, 3 were collected from different sources with different 
contents and for specific purposes. However, the amount of details in Table 1 is not 
sufficient for reproducing this case study. Therefore, Table 2 shows the details of all 
three data collections and explains how they were collected. 
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Table 2. Details of data 1-3 collections. 
 
 
Table 2 above lists the data sources, participants and their functions, as well as the 
topics discussed in each data collection round. It also indicates the date and duration 
for each data collection event. The purpose of these details of data collection is to allow 
other researchers to reproduce the research in the same way, if needed, by other re-
searchers.   
 
Data 1 was collected during of the current state analysis corresponding to each stage 
in the research design. The purpose of Data 1 was to understand the current inventory 
category management, inventory control system and replenishment process. These 
Data 
Source
Function Participants Topics Discussed
Data / 
Duration
Document 
Name,
Location 
Interview Logistics & 
Purchasing
Logistics 
manager
1. Type of inventories
2. Scope of make-to-stock 
(MTS) products
3. General purchasing process
11.10.2016 Fieldnote 1, 
Appendix 1
Interview Management Director 1. MTS product classification 
process
2. Safety stock management 
process
3. Existing process or method 
to reduce inventory, pros and 
cons
4. Current MRP process, pros 
and cons
18.1.2017 Fieldnote 2,
Appendix 2
Interview Purchasing Purchasers Purchasing process:
1. Pros and cons of current 
purchasing process
2. Current practices to reduce 
inventory
3. Challenges to reduce 
inventory
30.1.2017 Fieldnote 3, 
Appendix 4
Interview Management Director Demand forecasting processs 22.3.2017 Field note 4, 
Appendix 5
Group 
discussion
Purchasing Purchasers 1. Feedback on draft proposal
2. Improvement ideas
10/04/2017
30 mins
Fieldnote 5, 
Appendix 7
One to 
one 
discussion
Logistics & 
Purchasing
Logistics 
manager
1. Feedback on draft proposal
2. Improvement ideas
11/04/2017
30mins
Fieldnote 6, 
Appendix 8
Group 
discussion
Management Director and 
Logistics 
Manager
1. Feedback on draft proposal
2. Improvement ideas
3. Implementation in ERP 
18/04/2017
60mins
Fieldnote 7, 
Appendix 9
One to 
one 
discussion
Top 
management
Director of 
the Business 
Unit
1. Final validation of proposal 13/04/2017
45mins
Fieldnote 8, 
Appendix 10
 Date 1
 Data 2
 Data 3
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processes affect the level of inventory, for example, category management defines how 
the products are categorized, the inventory control system determines how often inven-
tory should be reviewed and replenished, while the replenishment process determines 
exactly when to place a new order, how much to order and how much safety stock to 
maintain. Thus collected, Data 1 helps identify the processes that cause excess inven-
tory and points to the narrowed research focus and priority for improvement.  
 
As seen from Table 2, Data 1 consists of the interviews with logistics, purchasing and 
management. Logistics manager is responsible for logistics and purchasing. He was 
interviewed on the types of inventories, scope of make-to-stock product and purchasing 
process as well, the interview was done through email on 11-10-2016 by email in Finn-
ish (Appendix 1). A director from senior management was interviewed on 18-01-2017 
by email, who was former purchasing manager and product manager, he was inter-
viewed on current product classification, safety stock management, methods that have 
been used to reduce inventory and current replenishment process (Appendix 2).  The 
same director was later interviewed on 22-03-2017 by email, the topic was demand 
forecasting process documented, his response was recorded as field note 4 at Appen-
dix 5. Additionally, all four purchasers from purchasing department were interviewed on 
purchasing process and current practices that are being used to reduce inventory, as 
the purchasers use ERP system to generate purchase orders, they decide what to pur-
chase, how much to purchase, when to purchase, thus their decisions directly impact 
inventory value. The interview with the purchasers was organized on 30-01-2017 by 
Google Form and recorded at Appendix 4.  
 
In addition to the interviews, a few internal documents were also collected. The over-
view of the internal documents used for Data collections 1-2 is shown in Table 3 below. 
Table 3. Overview of the internal documents used for data collections 1-2. 
 
Data 
Source
Name of the 
document
Description Location
Document Doc. Wholesale 
Inventory 
Product Control
Inventory products control 
manual
Appendix 3
Document Doc. Current 
Purchasing 
Process
Documented purchasing 
process
Appendix 6
Document Doc. List of MTS 
products
MTS product Excel list: SKUs, 
ABC indicators, current stock, 
cost, price, lead time, safety 
stock, MOQ, past consumptions
Not documented in Appendix
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As seen from Table 3, the document called ‘Doc. Wholesale inventory product control’ 
was provided by the director during the interview. This document contains the infor-
mation about the current inventory categories and the explanation of each category, as 
well as the roles and responsibilities for inventory controlling parameters, such as ABC 
indicators and safety stock. Doc. ‘Current purchasing process’ was retrieved from logis-
tics work manual, which outlines the workflow of the purchasing department. This doc-
ument was originally written in Finnish, to serve this study paper, it was translated to 
English. Doc.’List of MTS products’ was extracted from the ERP system to excel. The 
list includes details of each stock keep unit (SKU), such as ABC category, safety stock, 
re-order point (ROP), past consumptions and value of the stock. This list was used 
firstly for initial analyzing of the current inventory situation, secondly for new ABC anal-
ysis, computing the optimized level of safety stock, ROP and order cycle etc.  However, 
the full list is not attached to this thesis due to confidentiality.  
 
As shown in Table 2 earlier, in the proposal building stage, Data 2 was collected 
through group discussions and one-to-one discussions, which were documented as 
field notes. The purpose of Data 2 collection was to collect feedback and improvement 
ideas for the draft proposal. Group discussion with purchasers were conducted on 10-
04-2017 for 30mins and documented as filed note 5 in Appendix 7, the draft proposal 
was introduced to three purchasers, who later returned feedback on the proposal and 
suggested improvement ideas. A one-to-one discussion was arranged with the logistics 
manager, to whom the draft proposal was presented, the discussion was documented 
as field note 6 in Appendix 8. Finally, a group discussion involving a senior manage-
ment and logistics manager was arranged on 18-04-2017 for one hour, where the di-
rector shared his feedback on the draft proposal, his experiences with similar projects 
and concerns over implementation in ERP system. With the feedback and improve-
ment ideas collection from Data 2, the draft proposal was refined and developed into 
the final proposal. 
 
Lastly, Data 3 was collected from one-to-one discussion with the director of the busi-
ness unit. The printed proposal along with the testing results were presented and dis-
cussed. The purpose of the discussion was to review the proposal in alignment with the 
objective of the company and discuss about the feasibility. This discussion lasted about 
45 minutes on 13-04-2017 and it was documented as Field note 8 in Appendix 10. After 
this, the proposal is ready for implementation.   
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3 Best Practice of Inventory Management for MTS Items 
This section discusses available knowledge and key concepts related to managing 
excess inventory and looks for best practice to reduce inventory value while maintain-
ing stock availability. 
 
3.1 Introduction to the Problem of Managing Excess Inventory 
 
As mentioned in previous sections, one business challenge that many businesses face 
is excess inventory. Excess inventory is an indicator of improperly functioning inventory 
management. Inventory management is not an isolated function, it is a key component 
of logistics and supply chain management (Murphy and Wood 2014). Other logistics 
functions as well as costs are affected by inventory management in many ways and 
vice versa (Rushton et al. 2011: 177). Refining inventory management requires a pro-
cess that balances inventory relevant functions to prevent sub-optimization, and even-
tually land in a cost-effective total solution (Rushton et al. 2011). Therefore, it is im-
portant to review those areas that may affect this balance (Rushton et al. 2011). 
 
Inventory means stocks of products that are maintained to mainly satisfy customer de-
mands. (Murphy and Wood 2014) Excess inventory opposite of inventory shortage, 
occurs when the amount of stocks ordered are more than actual demand, due to inac-
curate demand forecasting.    
 
Inventory management is a key element of logistics and supply chain management. 
Inventory management decides on when to order, how much to order and how much 
stock to maintain (Murphy and Wood 2014). 
 
Inventory control is about ensuring enough inventory to fulfill customer demand. Inven-
tory control system monitors and records inventory levels for decision making concern-
ing it. Inventory control system decides when to order and how much to order. The two 
main types of inventory control system are periodic review and continuous review 
(Russell and Taylor, 2011: 559).  
 
To identify those areas that affect the balance between inventory and inventory rele-
vant functions, first and foremost is to understand the purpose of inventory. The most 
common purpose of keeping inventory is to satisfy customer demand patterns (Murphy 
and Wood 2014). In a holistic view, customer demand is fulfilled through collaborative 
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planning, forecasting and replenishment (CPFR) combining multiple trading partners, 
as shown in Figure 2 below.   
 
Figure 2. CPFR model (Rushton et al. 2011: 207). 
CPFR model in Figure 2 involves the manufacturer, retailer and consumer or end cus-
tomer as the center. In CPFR model, the areas that correlate to inventory management 
are category management, forecasting and replenishment planning. As such, category 
management is part of strategy planning, followed by forecasting and replenishment 
planning as parts of management. (Rushton et al. 2011: 206) 
 
Next, this section discusses three main subjects, first is the category management, 
which explains why inventory should be categorized and how to categorize them. Se-
cond is the inventory control system, which introduces different types of inventory con-
trol systems that are suitable for different inventory categories. Third is the inventory 
replenishment process, which is divided into demand forecasting, when and how much 
to replenish inventory, as well as safety stock. Finally, a conceptual framework with key 
steps to reduce inventory value is presented. 
 
3.2 Category Management for Inventory Control 
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As for inventory planning, “one size fits all” approach may lead to either higher cost or 
lower availability due to the requirements for products vary from one to another (Rush-
ton et al. 2011). Category management is a mean that categorizes products with simi-
lar characteristics into groups for better inventory control and management (Rushton et 
al. 2011).    
 
Described by (O’Brien 2009: 2), “category management is the practice of segmenting 
that main areas of organizational spend on bought-in goods and services into discrete 
groups of products and services according to the function of those goods and ser-
vices”. Category management organizes procurement sources to maximize the lever-
age of purchasing decisions (CIPS 2010).  Similarly, category management is referred 
to a model that allocates resources into logically grouped products or services for more 
effective management (whatis.techtarget.com).  It is a strategic approach that requires 
involvement of not only purchasing, but also stakeholders and across business func-
tions to be successful (O’Brien 2009). 
 
In terms of inventory control and management,  Rushton et al. (2011) suggests prod-
ucts to be categorized by their selling profile. Thus, despite of being different types of 
products, SKUs with same order or usage patterns may be categorized into same 
groups or “families”. For instance, typically SKUs can be categorized into four main 
groups, namely vital expensive, desirable and expensive, vital and inexpensive and 
desirable and cheap. Table 4 explains this categorization suggested by Rushton et al. 
2011 with A, B, C, D indicators.  
 
Table 4. Inventory ABCD groups (Rushton et al. 2011: 205). 
A. Vital and expensive products need to be closely monitored and controlled. Sources 
of supply should be reliable and quality of delivery should be good and steady. Contin-
uous review inventory policy is generally suitable for this category. 
B. Desirable and expensive products should be maintained at minimum inventory level. 
Continuous review inventory policy is applicable for this category. 
C. Vital and inexpensive products may be held at maximum inventory level and be 
monitored closely. Sources of supply should be also reliable as vital and expensive 
products with consistently goods delivery performance. For this category, it is appropri-
ate to apply a weekly periodic review inventory policy. 
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D. Desirable and cheap products should be ordered or purchased least frequent over 
the year. They should be applied monthly periodic review inventory policy. Inventory 
should be at maximum level. 
 
ABC categorization, as shown in Table 4, is a tool for category management that is 
used to classify items into groups by their characteristics. ABC analysis corresponds to 
the idea of category management that inventories are not equal, therefore should be 
managed in different ways, for instance, a company does not keep slow movers in all 
warehouses (Murphy and Wood 2014). ABC analysis is also known as Pareto analysis. 
According to 80/20 rule, often 20% of products account for approximately 80% of total 
inventory throughput, while 80% of products amount for only 20% total inventory 
throughout (Rushton et al. 2011: 104). When inventory are classified as A, B and C, 
most of the management efforts are allocated to A, least to C, and B are in between 
(Ravinder & Misra 2014).  By using ABC analysis, managers can tailor inventory con-
trol system for different inventory categories, in order to keep relevant inventory costs 
well under control (Douissa and Jabeur 2016).   
 
In addition, one and most commonly used criterion for ABC analysis is dollar value. By 
value criterion, A products are highest in value, C products are least in value and B are 
in between. Other criteria include lead time, importance, scarcity, substitutability, num-
bers of supply sources, modes of transportation, obsolescence and so on (Ravinder & 
Misra 2014). Combination of several criteria are also used to evaluate items overall 
performance in a multi-criteria framework, items are first evaluated by different criteria 
with weights given to those criteria, then sorted by descending order of weighted score 
(Douissa and Jabeur 2016). For example, multi-criteria ABC analysis can be used to 
categorize products by demand as one criterion and cost as the second criterion, prod-
ucts that fall into both top 80% of demand and top 80% of cost can be considered as A, 
while products fall into top 20% of demand but 80% of cost are considered as B etc.  
 
Summing up, the aim of product or inventory categorization is to determine the appro-
priate inventory control systems for different categories. Inventory control systems are 
discussed in detail in the next section. 
 
3.3 Types of Inventory Control Systems 
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After inventory or product categorization, the next question is how each category of 
inventory should be managed. Inventory control system serves this purpose, it regu-
lates when to place new orders, how much to order and how much inventory to main-
tain in order to avoid either shortage or overstocking (USAID Deliver 2011). Another 
purpose of selecting inventory control system is to find the balance between stock hold-
ing cost and certain customer service level (Rushton et al. 2011). Holding too little in-
ventory risks losing sales, too much inventory ties up financial capital and waste stor-
age space. Moreover, excess much inventory covers numerous problems, such as 
products deterioration, product outdating and obsoleting, poor sales (Rushton et al. 
2011).  
 
There are a number of different inventory control systems, periodic review and continu-
ous review are the two major ones (Rushton et al. 2011: 180). In periodic review sys-
tem, inventory is reviewed only at fixed time intervals, a fixed inventory level is prede-
fined, a replenishment order is placed to bring inventory back to a predefined level, due 
to existing inventory varies, size of a new order is not fixed (Rushton et al. 2011). On 
the contrary, in continuous review system also known as fixed point reorder system, 
there is no fixed review time or time interval, inventory is reviewed continuously, time to 
place an order depends whether inventory reach a fixed level or point, size of order is 
fixed (Rushton et al. 2011). Figure 3 illustrates the periodic review system. 
 
 
Figure 3. Periodic review (Rushton et al. 2011: 180). 
In Figure 3, in the period review system, on top of the chart, P is the predetermined or 
predefined stock level, T is the review time interval or order cycle, a new order is 
placed at beginning of the review cycle, the next order is placed at end of the review 
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cycle. As shown in Figure 4, Q, the order quantity varies in different review cycles 
(Rushton et al. 2011).  
 
Figure 4. Continuous review (Rushton et al. 2011: 180). 
Figure 4 shows continuous review system or fixed point reorder system. The horizontal 
and fixed line B is the fixed reorder level, once the stock S reaches level B, a new order 
is triggered, and order quantity Q is fixed (Rushton et al. 2011).   
 
As seen from Figures 3 and 4, periodic review and continuous review differ, periodic 
review examines inventory in a fixed time interval while continuous review does so 
without a fixed time interval but at a fixed level of inventory. In periodic review, invento-
ries are examined less often, making the system more reluctant towards changes. To 
protect against sudden fluctuation in demand, higher safety stock is likely needed. In 
continuous review, since inventory is reviewed almost constantly, makes the system 
react agilely to changes, however a re-order-point (ROP) needs to be predefined and 
constantly reviewed. Within a company, it is common that both systems are used (Mur-
phy and Wood 2014) 
 
Similarly, yet differently, USAID Delivery 2011 suggests the most successful inventory 
control system for health commodity, namely max-min system. However, the approach 
is not limited to health commodity and it is useful for any logistics practitioners. Here 
the max-min inventory control systems come in three types: forced-ordering system, 
continuous system and standard system. The basic difference is the how a new order 
is triggered. In forced-ordering system, a new order is triggered at end of review period. 
In the continuous system, a new order is triggered when inventory reach at a minimum 
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level, same as a re-order point. In standard system, a new order is triggered at end of 
review period when minimum inventory level or re-order point is reached. Both the 
forced-ordering system and the standard system can be considered as a periodic re-
view, while the continuous system is the same as a continuous review system as illus-
trated in Table 5 below. 
 
Table 5. Comparison of inventory control systems. 
Inventory control systems 
Rushton et al. 2011 
Max-min inventory control 
systems (USAID Deliver 
2011: 57) 
Features 
Periodic review 
-Forced-ordering system 
-Standard system 
- ROP or MIN not required 
- ROP or MIN required 
Continuous review -Continuous review - ROP or MIN required 
 
Table 5 shows the relation of the terms used to describe different types of inventory 
control systems (based on Rushton 2011 and USAID 2011). Based on this comparison, 
the forced-order system and the standard system suggested by USAID 211 can be 
considered as a sub-category of the periodic review system suggested by Rushton et 
al. 2011. Therefore, despite the differences in terminology, inventory control systems 
are mainly divided into two types: periodic review and continuous review. Whereas 
periodic review is divided further into forced-ordering system if ROP is not required, 
and standard system if ROP is required. Eventually, there are three types of inventory 
control systems to choose from.   
 
Depends on inventory classification, specific inventory control system is to be assigned 
to each category of inventory. After determining the inventory control systems for dif-
ferent inventory groups or categories, the next step is the setting of the inventory con-
trol system. 
3.4 Inventory Replenishment Process  
 
Inventory replenishment process requires the setting of inventory control system. 
The setting of the inventory control system is a quantification exercise. The quantifica-
tion exercise is done by forecasting and followed by supply planning (USAID Deliver 
2011: 67). To quantify when to order and how much to order the new stock, forecasting 
is the first step.  
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3.4.1 Demand Forecasting 
 
Demand forecasting is the estimation of future requirements for a SKU or product to 
fulfil customer needs. Thus, demand forecasting helps determine when to stock and 
how much to stock. The more accurate demand forecasting is, the less chance there is 
to have too little or too much stock (Rushton et al. 2011: 187). 
 
For demand forecasting, the types of demand need to be taken into account. Inde-
pendent demand and depend demand are two different types of demand. Next, de-
mand of finished goods and spare parts is typically independent, while that of manufac-
turing items is dependent. Uses and demand patterns of both independent and de-
pendent demand are different. Understanding the difference helps forecast demand 
(Muller 2011).  Independent demand comes directly from customers and is affected by 
market conditions instead of a firm’s internal operations, demand of one product does 
not have impact on others, because of that, max-min inventory control system works 
for independent demand. Inventory management for products with independent de-
mand is customer oriented, therefore, the formulation of re-order point aims to maintain 
high customer service level and lower operational expenses (Muller 2011). On the oth-
er hand, dependent demand is associated from one to the others, inventory control for 
products with depend demand aims to support the master production plan, material 
requirement planning (MRP) is therefore appropriate for dependent demand (Muller 
2011). 
 
Several methods are used for demand forecasting. Judgmental methods are suitable 
for new products without historical demand data or with very limited data. This method 
is based on personal opinions such as sales and marketing, purchasing or customers, 
therefore it is subjective. Causal methods are used for products, of which the demands 
depend on other factors, for example, promotions, legislation, or seasonality and 
weather. Regression analysis is mainly used for this method. Projective methods, are 
the forecasting techniques that analyze historical consumption data to project demands 
in the future, without considering future events, therefore, the methods are suitable for 
existing products. In addition, two main methods for projective forecasting are moving 
average and exponential smoothing. Moving average is the simplest one, exponential 
smoothing is more complicated but react much faster to changes in demand (Rushton 
et al. 2011).   
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Demand can change over time in three main patterns: trend line, seasonal fluctuation, 
random fluctuation. Trend line shows upward or downward trend over a period. Sea-
sonal fluctuation reflects a same fluctuation every year. Random fluctuation does not 
follow any pattern and happen at any time. A good inventory control system take de-
mand patterns carefully into demand forecasting along with the forecasting methods 
(Rushton et al. 2011: 189).  
 
The results of demand forecasting directly affect the following supply planning, there-
fore Rushton et al. 2011 suggests adopting methodical approach for demand forecast-
ing, in order to generate sensible results for the supply planning.    
3.4.2 When to Order 
 
Determining when to replenish or place a new order depends on the chosen inventory 
control system whether the system is periodic review or continuous review. The differ-
ence is the trigger of a new order. 
 
In a periodic review system, there are three possible triggers: review period, re-order 
point (ROP) or MIN, and Emergency Order Point (EOP). The first trigger, review period,  
is  how often to review inventories (Sezen 2006). The rules for defining appropriate 
review period are not certain; however, one general guideline is by demand variability, 
shorter review period is preferred for products with highly variable demand to reduce 
the risk of stock shortage and sales lost, thus, longer review period is applicable for 
products with more stable and lower demand (Sezen 2006: 369). Another rule for set-
ting review period is to use reporting period as review periods, such as monthly or 
quarterly, and set lead time shorter than the review period, if the lead time is longer 
than review period, a new order is placed before the arrival of previous order (USAID 
Deliver 2011). Muller (2011: 121) suggests a formula to calculate the review period:  
 
review intervals = total yearly purchase / discount quantity. 
 
The second trigger, re-order point(ROP), is the same as the minimum level of max-min 
inventory control system, ROP and MIN are interchangeable (Muller 2011). As de-
scribed earlier, periodic review comes with two types, namely forecast-ordering and 
standard system. Forced-ordering system does not require ROP, a new order is placed 
at end of a review period, while standard system requires ROP, a new order is only 
placed if inventory reaches ROP (USAID Deliver 2011). The calculation for ROP or 
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MIN (standard system): ROP or MIN= (Demand x lead time) + Safety stock + review 
period stock level.  
 
The third trigger, emergency order point (EOP), is the inventory level that triggers an 
emergency order, EOP sets to be lower than ROP or MIN and cannot be equal to MIN 
due to MIN includes safety stock, EOP can be reached at any time during review peri-
od  (USAID Deliver 2011: 57). EOP is used as an alert to prevent shortage due to sud-
den demand surge since inventories are not reviewed continuously (USAID Deliver 
2011). Commonly, an order can be fulfilled faster than usual in urgent situation, which 
is called emergency lead time. The formula for EOP is: “Emergency order point ≥ long-
est emergency lead time”, which shows that emergency order point must not be less 
than longest emergency lead time (USAID Deliver 2011). 
 
Whereas, in continuous review systems, the trigger for ordering is ROP or MIN. Inven-
tory is assessed every time a stock is issued, when stock level fall below ROP or MIN, 
a new order is placed to replenish inventory to a predetermined MAX level (USAID De-
liver 2011). The calculation for ROP or MIN is ROP or MIN=Demand x lead time + 
safety stock. EOP is not required in this case, because there is no fixed review period 
or order cycle, a new order can be issued whenever it is needed (USAID Deliver 2011). 
 
In summary, in a continuous review system, ROP or MIN needs to be defined, whilst in 
a periodic review system, three triggers to be defined are the review period, ROP or 
MIN and EOP. 
3.4.3 How Much to Order 
 
Regardless of the inventory control system, the calculation of order quantity is the 
same (USAID Deliver 2011: 58):  
 
Order quantity=max quantity-stock on hand-quantity on hand order 
 
Business practice suggests that “the max stock level is the level of stock above which 
inventory levels should not rise, under normal conditions. The max stock level is set as 
a number of months of stock, it indicates how long supplies will last“ (USAID Deliver 
2011: 43).  Max quantity is converted by multiplying max stock level and demand. 
Since demand varies from time to time, max quantity also varies, but max stock level is 
fixed (USAID Deliver 2011).    
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To calculate max stock level, ROP or MIN stock level and review period stock level are 
needed. The formula for MAX stock level is (USAID Deliver 2011: 67):  
 
MAX stock level ≥ ROP or MIN stock level + review period stock level 
 
In summary, there are two steps to calculate the order amount. Step 1 is to define the 
max stock level. Step 2 is to define the order quantity by subtracting the stock on hand 
and the open order (ordered but not arrived yet).  
 
However, knowing when to order and how much order is not enough. When demand 
fluctuates, safety stock is needed to prevent a sudden shortage. The next section in-
troduces the techniques for calculating safety stock found from the existing knowledge.  
 
3.4.4 Safety Stock 
Safety stock is the inventory that prevents stock shortages (King 2011: 33). Safety 
stock is known as buffer stock shown in Figure 5, is a type of stock used to protect 
against unexpected events such as delivery delays and demand surge. Safety stock 
can be expressed in both ways, either a number of months in terms of supply or a 
quantity (USAID Deliver 2011)  
 
 
Figure 5. Inventory level with safety stock (Rushton et al. 2011: 176). 
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Figure 5  illustrates that, despite the demand forecasting is in place, when the replen-
ishment lead time and order quantity remain the same, the sudden demand increase 
requires the use of safety stock (Rushton et al. 2011).  
 
Safety stock is one of the most critical measures of inventory control system 
(Thomopoulos 2015). Often, in real life, safety stock is set by hunches or based on a 
portion of cycle stock, although it is easy to set up, such setting generally result in poor 
performance (King 2011). The reason for keeping the safety stock is the demand un-
certainty. Safety stock can be lower if demand is stable. However, if too much safety 
stock ties up working capital, then too little safety stock may not be able to offer enough 
protection against unexpected demand increase. Thus, setting an appropriate safety 
stock level is important (USAID Deliver 2011). As a rule of thumb, safety stock should 
not be lower than half of review period stock level, or (USAID Deliver 2011: 66): 
 
safety stock level >= ½ review period level 
 
Additionally, there are two more mathematical calculations of safety stock, either by 
service level or percent fill. Service level is the probability of not-out-of-stock. Percent 
fill refers to the ratio of demand filled over the total demand (Thomopoulos 2015: 9). 
King (2011) adopts the calculation by service level and suggests that proper mathemat-
ical approaches balance the needs between maximizing the customer service and min-
imizing the inventory cost. However, even with safety stock in place, stock-out cannot 
be completely eliminated, only the majority of them (King 2011).   
 
Depends on variability either in demand or lead time, King (2011) introduce two formu-
las for safety stock calculation.  
 
Variability in demand means only demand fluctuates, safety stock is meant for protect-
ing fluctuations in demand.  Below is the formula for safety stock in this case (King 
2011: 34): 
                 
  
  
      
Z=z-score 
LT=total lead time 
DP=demand period 
  =standard deviation of demand. 
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In the above formula, LT stands for total lead time from placing a new order to receiv-
ing of the goods, DP means demand period that is used to report demand, for example, 
if demand is reported every month, then demand period is one month.    is the stand-
ard deviation of the demand. Whereas Z-score is a statistical Figure for the service 
standard score, there is a standard Z-score for each desired service level as shown in 
below Figure 6.  
 
Figure 6. Desired service level and z-score (King 2011: 34). 
Figure 6 illustrates the nonlinear relationship between desired service level and Z-
score.  The higher the service level, the higher the z-score. Typically, the service level 
is desired between 90-98, 100 is unachievable (King 2011). Moreover, different Z-score 
can be set for different types of products for strategic planning (King 2011). 
 
Variability in lead time means lead time is not stable and changes over time. In this 
case, the formula of safety stock becomes (King 2011: 34): 
                          
    = standard deviation of lead time 
    =average demand. 
 
When variability exists in both demand and lead time independently, then (King 2011: 
34): 
 
                  
  
  
                  
If demand and lead vary dependently, then (King 2011: 34): 
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In summary, safety stock is one of the most important settings in inventory manage-
ment. According to existing literatures, general guideline suggested by USAID (2011) 
and Muller (2011) can be used for simple calculation of safety stock when more infor-
mation is not available. In addition, more mathematical approach suggested by King 
(2011) is useful for sophisticated calculation when more information is available. 
 
3.5 Conceptual Framework of This Thesis 
 
The conceptual framework is the summary of the best practices found in existing litera-
tures. It provides the theoretical approach to solve a problem or improve something. 
The conceptual framework of this thesis is to improve the current inventory manage-
ment, in order to reduce the level of inventory without sacrificing service level.  
 
This framework is outlined in three main subjects, with category management high-
lighted in blue, inventory control system in yellow and replenishment process in grey. 
These three subjects imply a three-step sequential approach to inventory management. 
Each step is provided with methods, tools and sources of literatures, as shown in Table 
6 below.  
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Table 6. Conceptual framework for Inventory Management of MTS products. 
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As seen from Table 6, reducing inventory value requires balancing the level of invento-
ry and customer service level to avoid sub-optimization. Inspired by CPFR model in 
(Rushton et al. 2011: 206), a holistic approach is adopted in this conceptual framework 
to find the balance between the level of inventory and customer service level. This in-
volves three steps, Step 1.  Categorize product, Step 2. Choose inventory control sys-
tem for each category, Stage 3. Define replenishment process. Step 1 and Step 2 be-
longs to the scope of strategy planning, whereas Step 3 is under the scope of man-
agement and implementation according to Rushton et al. (2011).  
 
Step 1, categorize produce based on the ideas from category management. Category 
management suggests that inventory should be classified by different characteristics, 
one-size fit all approach is the cause of excess inventory. In this step, firstly, the types 
of product category introduced by Rushton et al. (2011) are listed although many other 
classifications are also available. Secondly, a method for classification is recommend-
ed. This method is introduced by Douissa and Jabeur (2016), the idea is based on 
classic ABC analysis with the use of multi-criteria. According to this approach, for ex-
ample, vital and expensive can be identified as two criteria, where vital is about de-
mand, expensive is about value or cost. Both criteria are used for ABC analysis.  
 
Step 2, choose inventory control system following inventory categorization. In this step, 
the types of inventory control system are listed. According to Rushton et al. (2011), two 
main types are continuous review and periodic review. Additionally, USAID (2011) in-
troduces two periodic review systems: forced-ordering and standard. Continuous re-
view is recommended to vital & expensive products while periodic review is suitable for 
desirable & inexpensive products (Rushton et al. 2011).  
 
Step 3, define replenishment process, is the step of setting inventory control system. In 
this step, the four sub-steps are demand forecasting, when to order, how much to order 
and safety stock. To forecast demand, the first step is to identify the demand type, 
whether it is independent or dependent, independent demand is customer oriented and 
usually for finished products, dependent demand is manufacturing oriented and often 
related to raw materials as suggested Muller (2011). There are three methods for de-
mand forecasting depending on products. Judgement method is used for new products 
without historical data, causal method is used for dependent demand, for existing 
products with historical data, projective method is used, which includes two main meth-
ods: moving average and exponential smoothing as suggested by Rushton et al. 
(2011). Supply planning follows the demand forecasting. When to order depends on 
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the chosen inventory control system in two scenarios. Required settings are listed for 
each scenario. To determine how much to order, step 1 is required to define max stock 
level, followed by step 2 to define order quantity using simple equation. The last setting 
is safety stock, both general guideline and more sophisticated calculation can be used.  
 
Based on the theoretical study, the conceptual framework of this thesis is formulated as 
the sequenced of steps to create an inventory management framework. Based on the 
selected suggestions from literature and best practice, it provides a comprehensive 
guideline for managers how inventory is supposed to managed strategically and differ-
ently.  
 
With the conceptual framework in place, the next section reviews how the case com-
pany manages the inventory of MTS products. According the logic of the conceptual 
framework, the current state analysis was conducted from the same three angles: cat-
egory management, inventory control system and replenishment process. The theoreti-
cal approach identified in this framework coupled with the findings from the current 
state analysis leads to the proposal building that should fit the context and challenge of 
the case company.   
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4 Analysis of Current MTS Products Inventory Management in The Case 
Company 
 
This section reports on the results of the current state analysis (CSA). First, it focuses 
on the current inventory management. Second, it examines the current types of inven-
tory control system. Third, it analyzes the current replenishment process. Lastly, it 
points to the strengths and weaknesses in the current practices. 
 
4.1 Overview of the CSA Stage  
 
Following the same logic as indicated in the conceptual framework, this section investi-
gates the current state of inventory management of the case company for make-to-
stock(MTS) products. It was done by conducting interviews, reviewing internal docu-
ments as well as information extracted from the ERP system.  
 
The current state analysis starts by describing the current inventory management and 
explaining how inventory is currently categorized. It was done by interviewing logistics 
manager and a director who was previously product manager.  
 
Next, the analysis focuses on the current types of inventory control system and reveals 
what system is being applied to different categories. It was done by interviewing mainly 
the same director who also designed the inventory categorization and control system.  
 
After that, the analysis concentrates on the current replenishment process and investi-
gates how inventory is being replenished, what are the triggers for new orders, how the 
order amount is determined and the current setting of safety stock. It was done by 
mainly interviewing purchasers who are responsible for issuing purchase orders and 
replenishing stocks.  
 
Last, the strengths and weaknesses are analyzed and summarized from the key find-
ings, to identify the focus for proposal building in the next step.  
 
4.2 Current Inventory Category Management  
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According to doc. ‘Wholesale inventory product control’ (Table 7 / Appendix 3), the 
wholesale unit of the case company has two main types of products, one is make-to-
order products and the other is make-to-stock products. Make-to-order products are 
labeled as ZM02, make-to-stock products are labeled as ZM01. Since this thesis fo-
cuses on make-to-stock products, therefore ZM01 was be further investigated.  
 
Table 7. Doc.wholesale inventory product control (English translation). 
Logistics / Purchasers control AMG / Product Managers Control 
MPR Group 
-ZM01=make-to-stock product 
-ZM02=make-to-order product 
Safety Stock 
-Desired available quantity in 
warehouse for inventory product 
Minimum lot size 
-Order requisition amount 
-ZM01 = make to stock 
-ZM02 = make to order 
Planned delivery time 
-Total delivery time from order 
issue to goods receipt 
Goods receipt time = GR time 
-Warehouse reserved unloading 
time 
A-product  
-Always ZM01 
-Safety stock always >0 
-A product availability to be monitored 
-AMG meeting or product managers decide on A 
products 
B-product=optional product 
-Usually ZM02, can be also ZM01 
-Safety stock by default is 0, minimum lot size can de 
due to logistics reasons.  
-AMG decides on B selection 
C product=project product 
-Wholesale purchase make-to-order products from 
group suppliers. 
-Can be inventory product exceptionally (for example, 
big chain customer's orders) 
 
Updated on 06.03.2017 
As shown in Table 7, ZM01=make-to-stock products are classified by ABC indicators. 
Features of A, B, C products are listed. Presently, A product has always safety stock, 
and availability is closely monitored. B product has no safety stock, or safety stock 
equals zero, it might be stored in stock due to minimum lot size. C product means pro-
ject product, it is kept in stock for special reason. It appears that B and C products are 
necessarily kept in stock, while only A is required to be in stock since safety stock is 
always above zero. 
 
To further clarify what are considered as make-to-stock or stock product, the aftersales 
director and logistics manager were interviewed. The statement below illustrates some 
of their points. 
 
 “Inventory product is only ZM01 A products and safety stock should be always in 
place. ZM01 B are those products we keep in stock for reasons such as bulk pur-
chase, delivery time constraint etc, but they are not inventory product in that 
sense, we don't promise our customers that they are available in our warehouse. 
Thus, inventory product is only ZM01 A” (Appendix 1, Logistics Manager).  
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 “When considering the ABC classification, it is always a promise to the end user. 
If the class is A it means that the product is stocked and should be always avail-
able” (Appendix 2, Aftersales Director) 
 
As both described, the inventory products are in fact only A products and only A prod-
ucts are required to be available in warehouse as a commitment to customers.  
 
To find out how the inventory classification is configured, the ERP system was exam-
ined. Figure 7 shows an example of the configuration in the ERP system, MRP group is 
used to separate make-to-stock and make-to-order products, MRP group is accompa-
nied by ABC indicator. 
 
Figure 7. Configuration of product classification in the EPR system. 
As seen from Figure 7, this is an example of make-to-stock product, with MRP group 
set as ZM01 and ABC indicator set as A.  
 
In summary, the case company currently categorizes inventory into two main types, 
make-to-order and make-to-stock. Make-to-stock products are further classified by 
ABC indicator, A means always available in stock, B and C are not required to be in 
stock as A, B and C appear in stock for special reasons. Therefore, the current criterion 
of ABC classification is availability of stock, without considering demand and stock val-
ue. 
 
4.3 Current Inventory Control System 
 
Current inventory control system studied what the current inventory control system in-
cludes, whether a continuous review or a periodic review is adopted or none, as well as 
what are the relevant settings that relate to the system. To find out these details, two 
steps were taken. First, MRP setting in ERP system were examined. Importantly, the 
MRP setting regulates how the inventory of a material is reviewed. Second, the key 
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person involved in ERP systems was interviewed to explain the inventory control set-
tings or MPR settings in the language of the ERP system. 
 
Firstly, Figure 8 shows the screenshot of the current MRP settings of a material in ERP 
system. It provides an example of how MRP settings are configured for all materials at 
the current state. MRP type defines the material replenishment method, which corre-
sponds to the inventory control system. PD is the material MRP type applied to all ma-
terials, which is described as MRP vaguely. 
 
 
Figure 8. MPR procedure in ERP system. 
As seen from Figure 8, the reorder point, the planning time fence, and the planning 
cycle are left blank. Both the reorder point and the planning cycle are the elements of 
the periodic review. MRP setting indicates materials are at least not reviewed periodi-
cally. To examine it further, the stock requirement list was studied, as shown in Figure 
9.  
 
 
Figure 9. Stock requirement list in the ERP system. 
33 
 
 
Figure 9 illustrates how the ERP system automatically triggers the replenishment. In 
the stock requirement list, the current stock is 6, safety stock 9, the purchase order 
quantity 8 (4+4), the upcoming customer order 2 pieces, a purchase requisition of 4pcs 
is triggered on 24.11.2016 which means 4pieces needs to be in warehouse on that 
date, since the next two customer orders require 4 pieces, which would reduce stock to 
below the safety stock level 9. With MRP running every hour on daily basis, after each 
run, a new purchase requisition is trigger. Therefore, the current inventory review policy 
that regulated by MRP type PD is, in fact, a continuous review. This is also further 
proven by purchasers via interviews, as described by one purchaser: 
 
“The current replenishment process is semi-automatic. SAP automatically 
generate purchase request when safety stock falls short” (Appendix 4, 
Purchaser)  
 
Secondly, the key person involved in the ERP system development was interviewed, 
on how MRP type PD works and why it is chosen. As he said: 
 
“I do not know the other MRP-types, they are not in use in the company, 
but in some other Group companies. This is one part of the 'complicated 
process' I mentioned in previous email. I think that there would be plenty 
of options for doing automated or semi-automated material procurement 
in MRP but the problem was that none of the consultants ever showed us 
how they are working so we are using the one we chose in the start, 
which means PD that is working related to Safety stock, Minimum order 
lot and Planned Delivery Time” (Appendix 2, Aftersales director)  
 
Apparently, the MRP type is not fully explored and utilized due to complexity of the 
ERP system, this also explains why other MRP relevant such as reorder point and 
planning cycle are left untouched.  
 
In summary, the currently inventory review is controlled by the MRP procedure in the 
ERP system. Based on the settings and observation of the replenishment pattern, a 
continuous review is applied to all products.  
 
4.4 Current Replenishment Process 
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The replenishment process starts with demand forecasting followed by supply plan-
ning. Hence, in the case company, the current demand forecasting was examined first, 
the current supply planning was examined later. 
4.4.1 Current Demand Forecasting 
The inventory level of Make-to-stock(MTS) products is determined based on the antici-
pated demand, the anticipation is done by demand forecasting. To understand how the 
case company practices demand forecasting, a key stakeholder was interviewed. Ac-
cording to the interview with the key stakeholder (Field note 4, Appendix 5), there is no 
demand forecasting process in place. 
 
“No, we do not have any external or automated demand forecasting pro-
cess. The process is fully related to purchase person being active and fol-
lowing the trends and open orders in SAP. For many of our products the 
demand is so unstable and fluctuating that it might not even work with an 
automate - but then again I guess there could well be a hundred or even 
more articles that have a quite constant flow and could be forecasted bet-
ter than today” (Appendix 5, Aftersales director) 
 
As explained in Appendix 5, the demand forecasting process does not exist in the 
company, it is not needed in EPR system due to the high fluctuation of demand in gen-
eral.  However, the answer implies that the demand forecasting in the ERP system is 
feasible for the products with stable demand and should be applied. Furthermore, de-
mand forecasting is currently done by individual purchasers manually, without a pro-
cess. 
 
The next question is the types of demand, in other words, whether the demand for a 
product depends on the others. “Our demand is almost fully independent” (Appendix 5, 
Aftersales director) in the business unit, all products are purchased and sell to custom-
ers without the manufacturing process.  
 
In the case company, the old and new products are adopted different methods of de-
mand forecasting. For completely new products, the method is by experience or by 
hunch: 
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“If the product is something we do not previously have, then the forecast 
is based on hunch/experience, normally that of the product manager. 
“(Appendix 5, Aftersales director) 
 
For the old or existing products, demand can be forecasted by historical data of past 
consumption, the data is available in the ERP system. In the case company, the past 
consumption data has been used to adjust the level of safety stock, this has been done 
several times before, according to the interview at Appendix 5.  
 
“Yes, we have done it several times in bigger 'runs' with excel (I did it 
when I was responsible of purchase). But according to our instructions, 
this is also a process that should be done by purchase persons as part of 
their normal work. The consumption levels should be checked regularly 
and safety stocks / minimum order quantities adjusted accordingly.” (Ap-
pendix 5, Aftersales director)   
 
However, the EPR system does not utilize demand forecasting for purchase requisition. 
According to the purchasers: 
 
“The current system does not automatically calculate the average de-
mand of items based on the history data when creating the purchase req-
uisitions.” (Appendix 4, Purchaser) 
 
In summary, in the case company, the demand forecasting process is not a clearly de-
fined process, it is rather a manual process in the control of individual purchasers. 
Nevertheless, several findings are discovered. First, the demands of most products are 
highly unstable, it makes demand forecasting less sensible and close to impossible. 
Second, all products are finished products, demand of such are independent. Third, 
demand forecasting for old products have been done by the past consumption, that for 
new products have been done by hunch. 
4.4.2 Current Supply Planning 
Presently, the supply planning consists of three key settings. These settings are when 
to order, how much to order and level of safety stock. The current doc. ‘Purchasing 
Process’ (Appendix 6) only mentions the roles and responsibilities of parties involved in 
the whole purchasing process, and it does not address when to order and how much to 
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order nor safety stock in details. Therefore, the ERP system was examined and the 
interviews were conducted to find out the answers.  
 
A. When to order 
 
As discussed in the section on the current inventory control system, only continuous 
review is adopted in the case company, that means the ERP system monitors stock 
level of all products in the same continuous way. In the ERP system, MRP runs every 
hour, during each MRP run, stock level, planned and firmed customer orders are re-
counted. New purchase requisitions are triggered after each MRP run. That said, multi-
ple purchase requisitions are literally generated every hour, forcing purchasers to man-
ually combine several purchase requisitions into one. This means “when to order” is 
preliminarily triggered by the ERP system but purchasers are given the flexibility to 
decide when to order.  
 
 “A new purchase request is generated whenever safety stock falls short, 
which leads to multiple separate purchase requests, purchaser needs to 
manually consolidate these purchase requests. “ (Appendix 4, Purchaser) 
 
To understand the configuration of the current order trigger, namely “when to order”, 
the setting in ERP system was inspected further. The result is shown in Figure 10.  
  
 
Figure 10. MRP procedure ROP & planning cycle in the EPR system. 
Reorder point is the essential element of continuous review, but as seen from Figure 
10, the re-order point is indeed not configured. In addition, the planning cycle, as an 
element of periodic review, does exist but is not configured.    
 
B. How much to order 
 
Presently, the amount of a new purchase requisition is determined by the ERP system, 
based on this formula:  
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order amount = safety stock level – (current stock + receipt quantity – issue quantity). 
 
These elements in the formula are highlighted in the same colors in Figure 11.  
 
Figure 11. Stock requirement list from ERP system. 
 
Figure 11 is an example of stock requirement after one MRP run, where PurRqs is the 
order quantity counted by the ERP system based on the formula mentioned above.  the 
example in Figure 11 shows that the net requirement is only 1 piece, but why PurRqs is 
4 pieces, because the calculation of order quantity takes in account minimum order 
quantity as well. 
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Figure 12 shows that settings of the minimum order level or reorder point and the max-
imum stock level are both available in the EPR system. However, these settings are 
not used for all products.  
 
 
Figure 12. Reorder point & max stock level setting in the ERP system. 
Hence, the current replenishment process does not consider min-max stock level to 
count order amount.  
 
C. Safety stock 
 
Safety stock is determined and managed by purchasers (Field note 2, Appendix 2). 
Safety stock was once used as an important method to reduce inventory value accord-
ing to the management, however, the process is not documented (Field note 2, Appen-
dix 2).  To find out how safety stock is currently being calculated, four purchasers were 
interviewed. Their answers are listed in Table 8 below (Field note 3, Appendix 4) 
 
Table 8. Calculation of safety stock in the case company.  
How do you calculate the amount of safety stock? 
Answer 1:  
1-2 x monthly consumption 
Answer 2:  
(Max consumption-average consumption) * lead time 
Answer 3:  
Generally average monthly consumption multiplied 1- 1,5 with some exception, subject 
to delivery time or some other special agreement. 
Answer 4:  
In general, the average demand for a period of approximately one month. There are 
also exceptions (for example for expensive units or units with a very short lead time).  
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As shown in Table 8, the answers from fours purchasers vary. Purchaser 1 thinks safe-
ty stock should be 1 to 2 times of monthly consumption. Purchaser 2 thinks safety 
stock should equal to lead time (in days) multiplied by the difference between maxi-
mum daily consumption and average daily consumption. Purchaser 3 thinks safety 
stock should be 1 or 1,5 times of average monthly consumption subject to delivery time 
and other factors. Similarly, purchaser 4 thinks safety stock should be equal to nearly 
one month consumption. Additionally, there is no procedure stating how often safety 
stock should be updated, purchasers update safety stock one in a while (Field note 3, 
Appendix 4) 
 
In summary, the replenishment process does exist and is documented in the case 
company, however, it addresses only the key role and responsibilities of parties in-
volved in the process, it does not address how the process should be done. Further-
more, ERP system automatically triggers new purchase requisitions through the hourly 
MPR run. When to order or the trigger for new orders is when safety stock falls below 
the predefined level. The amount to order is the amount needed to bring safety stock 
back the predefined level. While the level of safety stock is set differently by purchas-
ers. Lastly, despite the automated purchase requisition in the ERP system, purchasers 
still can make decisions on when to order and how much to order. 
   
4.5 Summary of Strengths and Weaknesses 
 
The analysis ends with the strengths and weaknesses from the key findings of the cur-
rent inventory management practices. The results of analysis are summarized in Table 
9, where strengths are highlighted in green and weaknesses are in red. The results are 
categorized in three different subjects on the left, namely the inventory category man-
agement, the inventory control system and the current replenishment process, accord-
ing to the same logic suggested by the conceptual framework of this study. 
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Table 9. Summary of strengths and weaknesses of the current state. 
 
 
As seen in Table 9, there are strengths and weaknesses in each subject area. First of 
all, inventories are currently categorized and ABC indicators are used. However, A 
products, referring to the real make-to-stock products, are not further classified. The 
only criterion for being A product is availability, if a product needs to be available al-
ways in stock, it is A product. With over one thousand products are categorized as A 
product, further classification is needed but lacking.  
 
Secondly, ERP plays important role in inventory control. The EPR system review inven-
tory in real time, with hourly MRP run. As a result, the new purchase requisitions are 
triggered automatically. Although ERP system currently practices continuous review, 
the periodic review settings are also available in the system. The problem with the cur-
rent inventory control is that, the continuous review is applied to all MTS products, for 
example, a cheap and low demand product is replenished as frequent as an expensive 
and high product. Multiple small orders without consolidation cause ordering costs to 
rise. Whereas period review with fixed time interval, is not in use.  
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Finally, a few strengths are observed from the current replenishment process. For in-
stance, the new purchase requisition is triggered automatically by ERP, the new pur-
chase requisitions inform purchasers what need to replenish, moreover, purchasers are 
able to make manual adjustment on new orders and consolidate several purchase req-
uisitions as well. The current replenishment process appears to be a semi-automatic. 
Purchasers to decide what to order, when to order and how much to order, and cus-
tomize the purchase order. Data of the past consumption is available and accessible in 
the ERP system. Safety stock is not set and forgotten, in fact, each purchaser keeps 
track past consumption and adjust safety stock from time to time, which is good.  
 
Nevertheless, weaknesses also exist in the current replenishment process. For exam-
ple, demand forecasting is not utilized to calculate the order amount. As a result, pur-
chasers use past consumption to manually forecast future demand while making the 
new purchase order. That said, making of purchase order involves several manual de-
cisions and yet automated through the settings in the ERP system. Finally, the stand-
ardized safety stock calculation is lacking.  
 
To sum up, the analysis of strengths and weaknesses identified the focus and priority 
of proposal building. A customized proposal is presented in the next section, combining 
the results of this current state analysis and the conceptual framework.  
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5 Proposal of Inventory Management Framework for MTS products  
 
This section introduces the draft proposal that is built in co-creation with the stakehold-
ers based on the conceptual framework (in Section 3), the analysis of the current state 
(in Section 4) and the input from the stakeholders (in Section 5, below). Firstly, over-
view of the draft proposal stages is introduced, it gives the ideas how the proposal was 
built by steps. Secondly, inputs from stakeholders during proposal building are ad-
dressed. Thirdly, the draft proposal is presented. Fourthly, the draft proposal is ex-
plained in detail by its three key elements: categorization of inventories, selection of 
inventory control system and specification of replenishment parameters. The last sec-
tion emphasizes on the transformation that the draft proposal will bring to the case 
company.  
5.1 Overview of Draft Proposal Stages 
 
This draft proposal is created based on (a) suggestions from existing knowledge for 
reducing inventory level, (b) the results from the current state analysis of the inventory 
management practice in the case company, and (c) the summary of the input from the 
stakeholders on improvements, as illustrated in Figure 13.   
 
Figure 13. Draft proposal building stages. 
As seen from Figure 13, the draft proposal building was done in three stages. First, the 
best practices summarized in conceptual framework were reviewed. Second, weak-
nesses of current states were analyzed. Third, input from stakeholders was collected 
as Data 2. The draft proposal is the outcome of these three stages that combines the 
key points from each stage. The draft proposal integrates theoretic ideas and current 
practices in the case company. The purpose of the draft proposal is to eliminate the 
weaknesses from the current state and even turn them into strengths. After all, the pro-
posal is the guideline on how to apply the existing knowledge into the real-world sce-
nario.  
 
Best Practices 
/ Existing 
Knowledge 
Weaknesses 
of Current 
State 
Input from 
Stakeholders 
Draft Proposal 
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Furthermore, since the case company is using SAP as the ERP system, any proposal 
needs to take SAP into consideration. Therefore, in addition to the existing knowledge 
from literatures, the relevant SAP settings and SAP documentation were studied, in 
order to make the proposal workable in the ERP environment. The terminologies in the 
conceptual framework were found their corresponding terms in SAP system, which are 
the critical bridging elements from the theory to the current state. However, due to the 
complexity of the SAP system, implementation purely based on SAP system may not 
be sufficient, therefore, in addition to approach via SAP, alternative “manual” approach 
without using SAP is also proposed.  
 
5.2 Input from the Stakeholders (Data 2)  
  
When the initial ideas of the proposal were formed after reviewing the best practices 
and weaknesses of the current state, the discussions with internal stakeholders were 
arranged to gather input for improvements. The contents of the discussion were rec-
orded as Data 2. The draft proposal was co-created together with the input from the 
stakeholders.  
 
First, the initial idea was presented to purchasers, as purchasers are making purchase 
orders and actively monitor inventory level. Three purchasers were participated in the 
discussion and shared their thoughts. Their inputs are generally positive: 
 
“This proposal is a complete one, I don’t have anything to add, it is good” 
Purchaser 1 (Appendix 7, Purchaser 1). 
“The ABC analysis idea is classic, it should be done this way, we tried it 
before, didn’t know why we didn’t adopt this method” Purchaser 2 (Ap-
pendix 7, Purchaser 2). 
“The idea is clear, logical, useful and feasible as well. Well studied” Pur-
chaser 3 (Appendix 7, Purchaser 3). 
 
Next, the logistics manager, who oversees inventory level, mentioned in the discussion 
“I cannot make comment on that, I need to talk to the manager who is familiar with 
SAP. I will arrange a meeting for that. My concern is how the new ABC categorization 
will affect our current operation” (Appendix 8, Logistics manager) 
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Finally, in the group discussion with aftersales director along with logistics manager, a 
constructive input was given in a summary below: 
 
“We have a mixed-used of ABC indicator in the company, the present 
ABC is not only an inventory control indicator but also indicator for sales, 
your proposal needs to consider the impact of ABC classification on sales 
organization. Overall goods proposal. 100% feasible. Need to consider 
those products that will probably not work with this framework. The idea 
can be tested in SAP testing environment, but real-world changes will not 
be reflected. I would suggest starting with piloting on a few less impactful 
products in real SAP environment and observe what happens. The 
framework sounds beneficial to other business units especially for prod-
ucts with stable demand.” by (Appendix 9, Aftersales director) 
 
As seen from the inputs above, the participants have expressed acknowledgement of 
the proposed idea. The concern is mainly on how the new inventory categorization af-
fects the whole operation. Their input and concerns were taken into consideration and 
helped complete the proposal building. The following session introduces the proposal 
draft.  
 
5.3 Proposal Draft   
 
Below Flow Chart 1 presents the draft proposal of inventory management framework 
for make-to-stock products. On the top are the three theoretic subjects from conceptual 
framework. The three bubbles in blue, yellow and grey are the corresponding practical 
terms in SAP language, they represent the major steps. White boxes describe actions. 
The green boxes are the final outcomes of each step. The red texts are SAP transac-
tion code to open certain transaction. The bolded texts are SAP terms or emphasized 
texts. The orange texts are nominal values.  
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Flow Chart 1. Draft proposal of inventory management framework for make-to-stock products. 
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As seen in Flow Chart 1, the entire draft proposal consists of three main steps. Step 1, 
in blue bubble, is to categorize product by ABC analysis, ABC analysis is the method 
used in category management for inventory classification. The outcome of step 1 is 
new ABC indicators for all make-to-stock products. Following the outcome of step 1, 
Step 2, colored in yellow bubble, is to assign MRP type to each category, MRP type is 
the SAP term similar as inventory control system or policy in theory. The outcome of 
step 2 is MRP types being assigned to different categories.  
 
Step 3, in grey bubble, is to define MRP parameters, MRP parameters are the configu-
rations that define replenishment process in SAP, the outcomes of which are the re-
order point (ROP), order quantity and safety stock. The details of each step were ex-
plained in the following sections. 
5.4 Categorization of Inventories 
 
As the first step of the draft proposal, the concept of inventory categorization refers to 
the theory in chapter 3.2, category management for inventory control. Flow Chart 2 
outlines the actions for categorizing inventories. 
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Flow Chart 2. Step 1 - inventory ABC analysis in the proposal. 
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Step 1, as show in Flow Chart 2, inventory ABC analysis starts from exporting invento-
ry list from SAP to excel. This inventory list is to include all finished product SKUs (ma-
terial type: ZCOM) in the specific Plant (MF10). This step serves two purposes. The 
first purpose is to facilitate list cleanup in the immediate next step. The second purpose 
is to use the list for manual ABC analysis using EXCEL method. This step is done by 
using SAP transaction code SQ01 (highlighted in red).   
 
Step 2, after exporting inventory list to excel, is to clean up the list. The purpose is to 
correct all wrongly classified products, eliminate obsolete products and testing prod-
ucts, and eventually only the real MTS (make-to-stock) products should remain in the 
list. One good example is seen from Figure 14.  
 
Figure 14. Testing products marked as MTS A products. 
As seen from Figure 14, total 699 testing products with “Z” suffix are categorized cur-
rently as MTS A products, 3 of such are given safety stock, which implies the necessity 
to clean up the product list before proceeding further.  
 
Step 3, a decision needs to be made on whether ABC analysis is done by Excel or 
SAP. In Excel, ABC analysis can be done by first defining weighing criteria. The flexibil-
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ity of Excel makes multi-criteria ABC analysis possible, a good choice of the criterion is 
both unit cost and demand, and 80%/20% as class boundary. As the result of excel 
analysis, A products account for 80% cost and 80% demand, thus are the most im-
portant, requires attention as frequent as possible. B products are secondary, account-
ing for 80% cost but 20% demand. C products forms 80% demand but 20% cost. The 
least important D products make up only 20% demand and 20% cost. The percentage 
for class boundary is flexible and adjustable. After grouping products into A, B, C or D, 
the new ABC indicator is to be mass input into material master in SAP.  
 
In SAP, the ABC analysis can be carried out with existing ABC analysis transactions. 
Two SAP transactions are available for this purpose, one is MC41 and the other is 
MC40. These two transactions differ in terms of analysis criterion. The criterion for 
MC41 is requirement value, that for MC40 is usage value. Requirement value is the 
value of future valuated requirements within a period. The usage value is the value of 
average past consumption within a period. After deciding on which criterion to use, the 
next step is to restrict objects to analyze, the available options are plant, period to ana-
lyze, restricted area, and analysis strategies. There are four analysis strategies or class 
boundaries to choose from: a) percentage b) absolute value c) number of materials in 
percentage d) absolute number of materials. Running ABC analysis generates a list of 
products with new ABC indicators. If auto update ABC indicators is selected, material 
master is overwritten, otherwise, the result can be exported to excel for manual ad-
justment before updating material master.  
 
The outcome of this step is the new inventory categories with new ABC indicators, 
whether the ABC analysis is done in Excel or SAP directly, the results of such eventu-
ally update the ABC indicators in SAP system. The next step is to assign MRP type to 
each ABC group of products, which is discussed in the following section.  
5.5 Selection of Inventory Control System 
 
As discussed in chapter 3.3, inventory control system (ICS) determines how inventory 
of a material is reviewed and replenished. The equivalent term of ICS in SAP is inter-
preted as MRP type, “MRP type determines how the material will be planned” (Agrawal 
2016: 114). MRP type is configured in material master record MPR1. Different MRP 
types in SAP are listed in Figure 15. 
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Figure 15. SAP MRP type (Agrawal 2016: 114). 
As seen from Figure 15, the three main categories of MPR types for consumption-
based planning are reorder point planning, forecast-based planning and time-phased 
materials planning. Reorder point planning corresponds to continuous review inventory 
control system, and time-phased material planning corresponds to periodic review in-
ventory control system. VB, VM, V1 and V2 are MRP types belong to reorder point 
planning. R1, R2, ZR are MRP types belong to time-phased material planning. Based 
on this interpretation on SAP MRP types, the step 2 of the draft proposal, selection of 
inventory control system was designed as follows in Flow Chart 3.  
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Flow Chart 3. Step 2 - assign MRP type in the draft proposal. 
 
 
As seen from Flow Chart 3, assigning MRP type starts after inventory being catego-
rized into A, B, C or D. Rushton et al. (2011) suggests expensive products should 
adopt continuous review while cheap products should adopt periodic review and less 
frequent replenishment.  The result of ABC analysis varies by methods and criteria as 
seen in Flow Chart 2, however, A products are always the most significant that requires 
as frequent monitoring and replenishment as possible, therefore A products should 
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adopt continuous review. C or D products are always the least important, which require 
the least attention, hence, periodic review should be adopted. B products, in between, 
can be either assigned continuous review or periodic review depending on its level of 
importance.  Referring to chapter 3, continuous review requires a fixed re-order point 
(ROP), on the other hand, periodic review requires a fixed time interval and optional 
ROP.  
 
After determining either continuous review or periodic review, the next step is to set it 
up in SAP. First, MRP group is to be specified. MRP group determines whether a prod-
uct is make-to-stock(MTS) or make-to-order(MTO). MTS is the MRP group for this 
study.  
 
The final step is assigning specific MRP type to each product. VB, VM, V1 and V2 are 
available options for continuous review. VB: manual ROP, meaning ROP is manually 
determined without using SAP automatic ROP. VM: automatic ROP, meaning ROP is 
computed automatically by SAP. V1: manual ROP with external requirement. The ex-
ternal requirement can be a manual reservation (Agrawal 2016, P162). With external 
requirement means MRP run takes in account reserved quantity, therefore, similar as 
V1, V2: automatic ROP with external requirement, takes in account reserved quantity. 
Two MRP types to choose for periodic review are R1: time-based planning and R2: 
time-based planning with automatic ROP.  
 
After assigning MRP type to each product, the next step is to define MRP parameters. 
The three MRP parameters are re-order point (ROP), order quantity and safety stock, 
the settings of such are discussed in the following section.  
5.6 Specification of Replenishment Parameters 
 
In the previous section, MRP type for specific ABC group was discussed. This section 
continues to discuss the setting of MRP parameters.  The three key parameters are re-
order point (ROP), order quantity and safety stock, the calculation of such can be done 
either manually or through SAP automatically. The suggested approach is listed in 
Flow Chart 4 below.  
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Flow Chart 4. Step 3 - define MRP Parameters in the draft proposal. 
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As seen in Flow Chart 4, the starting point of defining MRP parameters is demand 
forecast, this refers to the replenishment process in conceptual framework.  In this draft 
proposal, demand forecast can be done either by excel as the manual method or by 
SAP as the automatic method. The automatic method is explained first, followed by the 
manual method.  
 
The automatic method using SAP in this proposal is yet confirmed by SAP technician, it 
is based on the researcher’s own discovery from SAP online help documentation on 
help.sap.com.  To utilize automatic computation of ROP, order quantity and safety 
stock, demand forecast is to be enabled first (Help.sap.com 2017). Demand forecast is 
typically done with mass processing in the background (Help.sap.com 2017).  If auto-
matic forecast model is selected, SAP analyzes the demand patterns from past con-
sumption data and automatically select the demand model from 1. constant model, 2. 
trend model, 3. seasonal model and 4. seasonal and trend model (Help.sap.com, 2017: 
forecasting). As shown in Figure 16, transaction code M38 or MPBT seems able to 
execute total forecast on multiple products.  
 
 
 
Figure 16. SAP material forecast total forecast MP38 
After running demand forecast using the transaction code in Figure 16, the system then 
“use these forecast values to calculate the reorder level and the safety stock level, tak-
ing the service level, which is specified by the MRP controller, and the material’s re-
plenishment lead time into account, and transfers them to the material master. Since 
the forecast is carried out at regular intervals, the reorder level and the safety stock 
level are continually adapted to the current consumption and delivery situation. This 
means that a contribution is made towards keeping stock levels low” (Help.sap.com 
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2017: reorder point planning). Therefore, to ensure the quality of ROP and Safety 
stock, replenishment lead time and service level need to be up-to-date in material mas-
ter MRP review. As for the order quantity, if the stock is to be replenished to the maxi-
mum level, by giving the maximum order level, the order quantity is computed to bring 
stock back to that level, in this case, lot size is “HB”. These relevant settings are high-
lighted in Figure 17 below.  
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Figure 17. MPR settings in MRP1 and MRP2. 
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In Figure 17, MPR1 and MRP2 are views in material master. In MRP1 view, lot size 
setting and maximum stock level is under lot size data, these two settings affect how 
order quantity is calculated. In MRP2 view, planning delivery time and GR processing 
time are under scheduling. Planning delivery time is the total lead time from the issue 
of an order to the arrival of the goods. GR processing time is the processing time of 
goods receipt. Service level in percentage is found under net requirement calculation.  
 
The manual method using excel starts from exacting past consumption data from SAP. 
One of the transaction codes for this execution is MCBE, where valuated stock issued 
quantity can be computed based on specific time period, plant, storage location and 
materials (Edv-buchversand.de. 2017). Then, average monthly demand is calculated 
by two methods, moving average or exponential smoothing. Moving average is more 
commonly used due to its simplicity, therefore it is recommended for this study.  
 
After calculating average monthly demand from past consumption data, the next critical 
step is to calculate re-order point (ROP), order quantity and safety stock. As seen in 
the green bubbles, ROP is calculated using formula F1 or F3 from conceptual frame-
work. If ROP is accompanied by planning time cycle such as in periodic review, a plan-
ning cycle is to be specified. According to existing knowledge in chapter 3.4.2, an 
emerging order point (EOP) is also important when inventory review is not conducted 
continuously. The general guideline for setting EOP is formula F4. As for order quanti-
ty, this requires max stock level, which can be calculated by formula F5, order quantity 
then equals to max stock level subtracted by existing stock and ordered quantity based 
on formula F6. The formula for safety stock is either F7 or F8 in simple manner or F9. 
King’s formula F9 is recommended as it takes in account service level and demand 
variation.  
 
5.7 Summary of the Draft Proposal 
 
This draft proposal was driven by the aim to improve the weaknesses identified in the 
current state analysis. The remedies for treating the weaknesses were identified from 
existing knowledge and then extended with the stakeholder input (from data 2). Table 
10 shows how the weaknesses identified from the CSA were addressed and how they 
are transformed by the proposal. 
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Table 10. Comparison of the current state and the proposal. 
 
 
As seen from the Table 10, the draft proposal targeted the main weaknesses from the 
same three main subjects addressed in conceptual framework, specifically, inventory 
category management, inventory control system and replenishment process. Improve-
ments are seen from each subject. For instance, the proposal turns the current “A” 
products (MTS products) into new ABC groups by given criteria, shrinking the amount 
of A products and shifting focus to the real A products, which facilitates decision mak-
ing on inventory value reduction. Furthermore, with many SAP features related to in-
ventory control being currently ignored, this proposal provides a practical guideline on 
how to explore and utilize these features, for example, the MRP types for configuring 
the type of inventory control system, and the demand forecasting feature that can com-
pute re-order point (ROP) and safety stock level automatically. All in all, the proposal 
introduces the best practices about inventory management from theories to the real-life 
context, which can be applied to MTS products in general, not limited to one business 
unit or one product type. In the next section, this draft proposal is tested and validated. 
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6 Validation of the Proposal   
 
This section validates the draft proposal developed in section 5. A testing was done by 
following the flow chart 1, the testing result was presented to the top management for 
final evaluation. Firstly, overview of validation phase discusses the steps used for the 
testing. Secondly, testing the proposal shares the results of the testing. Lastly, sum-
mary of the validation including feedback from the stakeholder is discussed.  
6.1 Overview of Validation Phase 
 
Due to the time constraint, only the manual method in draft proposal was tested in Ex-
cel. The purpose is to validate the proposal, unleash the potential benefits and discover 
challenges. The validation was conducted by the steps in Figure 18.  
 
 
Figure 18. Validation phases of the draft proposal. 
As seen from Figure 18, validation phase consisted of 7 steps corresponding to the 
flow chart in draft proposal. Step 1, the necessary data were first extracted at once 
from Excel, this includes a list of full inventory SKUs (tcode: SQ01) and a list of the 
past 12-months consumption at individual SKU level (tcode: MCBE).  Step 2, referring 
to Flow Chart 2 in section 5, the raw data was cleaned up to leave only current make-
to-stock product, this step involved filtering only MRP Group:ZM01 and ABC indicator: 
A, removing testing products with “-Z” suffix, removing obsolete products and excluding 
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products created after 2017, the concern is over insufficient consumption data for 
products created after 2017, which may affect the quality of the testing results. Step 3, 
two ABC analysis methods suggested in Flow Chart 2, they were both tested in Excel. 
Step 4, each SKU was assigned to a MRP type as listed in Flow Chart 3, this was done 
by creating an excel column titled MRP type, MRP type VB is for A, VB or R1 for B, R 1 
for C and D. Step 5, the past 12-months consumption was averaged to get the fore-
casted average monthly demand for the future.  Step 6, MRP parameters were calcu-
lated using relevant formula suggested in Flow Chart 4, the columns were added to 
store parameters of safety stock, re-order point (ROP), Max stock level, planning cycle 
and lot size respectively. Step 7, pivot table report was used in Excel to summarize the 
results of ABC categorization and saving from safety stock. Figure 19 shows the main 
columns of results visible in Excel testing run.  
 
 
Figure 19. Columns of the results for testing. 
As shown in Figure 19, the first row indicates the three subjects in the draft proposal, to 
which the second row belongs. In the second row, the white columns show the current 
values, the green columns represent the new values. In other words, the green col-
umns contain the results of the testing run in comparison with the current values in 
white columns. The whole testing results are presented in the following three sections. 
 
6.2 Testing of Inventory ABC Categorization 
 
As described in step 3 in validation phase, ABC analysis or categorization were tested 
by two criteria, the results differ as shown in Figure 20.  
 
Figure 20. Two ABC analysis for testing. 
61 
 
 
As seen from Figure 20, the blue and green tables represent the different results of 
ABC analysis by giving different criteria. The base data contains total 1078 SKUs under 
current A category. In the blue table, only one SKU is classified as A. On contrary, in 
the green table, there are 110 A products, that is equivalent to 10,2% of total SKUs. B 
products and C products are 14,7% and 75,1% respectively in numbers of SKUs. The 
green table appeared to produce relatively more reasonable result. Therefore, the fur-
ther testing was following the classification in the green table.  
 
6.3 Testing of Assigning MRP Type 
 
Following the results of ABC categorization, the respective MPR types were assigned 
to individual SKUs in Excel in Figure 21.  
 
Figure 21. Assigning MRP type for testing. 
As seen from Figure 21, MRP type of new A products moved from PD to VB (manual 
ROP), that of B product moved from PD to R1 (time-based planning), same to C prod-
ucts.  
6.4 Testing of Defining MRP Parameters 
 
Testing of setting MRP parameters involved computing new safety stock, new planning 
cycle, new ROP and new maximum stock level for counting order quantity. Below Fig-
ure 22 shows only 3 SKUs of each ABC category for demonstration purpose. Total 
1078 SKUs were analyzed.  
 
Figure 22. Setting of MRP parameters for testing. 
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As seen from Figure 22, the green columns highlight the new value of MRP parame-
ters.  On top of each green cell is the formula used to calculate the value. The formulas 
are mentioned in conceptual framework. For example, the new safety stock level was 
calculated by King 2011’s formula F9 when variability in demand exists.  
                 
  
  
      (King 2011, P34) 
During this testing, the service level was set at highest 97% for A products, 95% for B 
products and 90% for C products, the equivalent Z scores are 1,88 / 1,65 / 1,28. LT is 
the total lead time in days, and DP is demand cycle in days which is 30-days in this 
case.     is the standard deviation of consumption in the past 12 months. 
 
Figure 22 shows current planning cycle is not in place. In principle, new planning cycle 
should be defined according to formula F2 in conceptual framework: review inter-
vals=total yearly purchase / discount quantity. However, this formula was not used dur-
ing the testing. There are two reasons, the first reason is not all products are offered 
discount by vendors based on certain order quantity, the second reason is the discount 
quantity data is not properly maintained in the current ERP system where only single 
base price is stored for a product. Thus, the new planning cycle was set as 1 day for A, 
14 days for B and 28 days for C. Planning cycle of 1 day makes inventory review sys-
tem literally a continuous review system and it is needed to calculate re-order point 
(ROP) and other parameters.  
 
Current ROP, as seen from Figure 22, is not in use either. The new ROP is calculated 
using Formula F3 in conceptual framework:  
 
ROP or MIN= (Demand x lead time) + Safety stock + review period stock level. 
 
The demand is average daily demand. The review period is equivalent to the new 
planning cycle.  
 
In Min-Max system, max stock level is required to calculate the order quantity. Figure 
22 shows current max stock level is not in use. To calculate the new max stock level, 
Formula F5 was used:  
 
MAX stock level ≥ ROP or MIN stock level + review period stock level 
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For testing purpose, Max stock level was set equal to ROP+ period stock level. The 
problem of this formula is, MAX stock level should be no lower than ROP plus review 
period stock level, it is not clear what exact level the max stock level should be. Fur-
thermore, if the review period is short as 1 day and demand is lower than 1 piece per 
day, there is no significant difference between Max and Min as seen from SKU1, where 
the roundup of Max is equal to Min, which made calculating order quantity almost im-
possible. As suggested by Wrye, M. (2011), a simple formula perhaps can be used, 
although further testing and reasoning is needed.  
Max = Min + (Min/2) 
After the testing, the max stock level appears to be one of the challenges to tackle dur-
ing future implementation.  
 
6.5 Summary of Validation 
 
The objective of this study is to minimize inventory value while maintain the service 
level. Therefore, the validation needs to reflect the saving of some kind. Figure 23 
shows the summary of the testing results.   
 
 
Figure 23.The summary of testing results. 
 
Figure 23 summarizes the results of new inventory ABC categorization, among the total 
1078 inventory products, there are 110 A products, 158 B products and 810 C prod-
ucts, which account for 10%, 15% and 75% respectively. A products represent the 
largest 70% of total annual usage value, B products account for 20% and C products 
make up the least 10%. A saving of 26% was seen from saving stock alone, which is 
equivalent to the sum of saving on safety stock divided by sum of total current safety 
stock in value. 
 
Category Count of 
New ABC
Percentage of New 
ABC
Sum of Total 
annual usage value 
past 12m /a
Sum of Total 
annual usage value 
past 12m %
Sum of Saving on 
Safety Stock
Sum of Total 
current Safety 
Stock
A 110 10 %       10 285 062,60 € 70 %              33 415,09 €         1 010 642,42 € 
B 158 15 %         2 923 012,32 € 20 %            232 994,84 €            644 679,74 € 
C 810 75 %         1 470 291,23 € 10 %            293 898,98 €            492 176,98 € 
Grand Total 1078 1       14 678 366,15 € 100 %            560 308,91 €         2 147 499,14 € 
Percentage Saving 
from Safety Stock 26 %
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During the one-to-one discussion, this summary of testing results along with the draft 
proposal was shared with the key decision maker of the business unit. The discussion 
is recorded in Appendix 10. The purpose was to seek final validation and approval on 
the proposal. The feedback has been positive. According to the top management, the 
safety stock formula is interesting, different safety stock level can be adjusted by ser-
vice level, the saving on safety stock is satisfactory and indicates that the framework 
serves its purpose of reducing inventory value. Although selling is important, reducing 
capital tied up to inventory is one of the key performance indicator in headquarter, it is 
the top management’s goal. In terms of the overall of the proposal, the feedback from 
the top management has been positive:   
 
“I like the idea very much. We know this is the right way we are supposed 
to do, and you make it with your own method. Good work. You should 
definitely go ahead with your proposal, finish the thesis and graduate. 
Please send me your thesis, I am interested to read it and check it. What 
shall we do next? Perhaps we can start from testing it in SAP testing envi-
ronment.” (Appendix 10, Director of Business Unit). 
 
As seen from the above feedback, the proposal was validated and given the greenlight 
to go ahead. An implementation plan was expected from the management. Therefore, 
an implementation plan is suggested in the following section along with the summary of 
the entire study.  
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7 Conclusions  
 
This section summarizes this thesis study, addresses the practical implication of the 
proposed inventory management framework, and suggests the next steps towards im-
plementation. The last section discusses the overall evaluation of the thesis.  
7.1 Executive Summary 
 
The objective of the thesis is to suggest an inventory management framework for 
make-to-stock (MTS) products that balances minimizing inventory value and maintain-
ing service level, as there is excess amount of inventory yet a framework for properly 
managing inventory does not exist. The outcome is the inventory management frame-
work. To reach the desired outcome, the study was conducted in the following steps. 
 
The study starts with the search for existing knowledge that focuses on three main sub-
jects: inventory category management, inventory control system and replenishment 
process. As a key component of supply chain management, inventory management is 
co-related with other functions.  Refining inventory management is a process that bal-
ance inventory and inventory related functions to avoid sub-optimization and achieve a 
cost-effective total solution. Inventory category management suggests inventory should 
be segmented and therefore treated differently, as “one size fits all” inventory planning 
may result in high cost or low stock availability. Then the type of inventory control sys-
tem determines how inventory in each category should be reviewed, whether continu-
ously or periodically. Inventory replenishment process starts with demand forecasting 
and followed by supply planning, supply planning involves three replenishment pa-
rameters: when to order, how much to order and how much safety stock to maintain. 
The formulas that calculate these parameters were studied and reviewed. The outcome 
of the existing knowledge is the conceptual framework.   
 
Next, based on the best practices from existing knowledge, the current state analysis 
was conducted on the same three areas: inventory categorization, inventory control 
system and replenishment process. Interviews were arranged with purchasers, logistics 
manager and senior management.  In all the three areas, both strengths and weak-
nesses were identified and listed. Over thousand make-to-order products are simply 
categorized in only one category regardless the value and demand. A “one size fit all” 
inventory control system is applied to all these products. Demand forecasting is not 
being used to configure replenishment parameters in the ERP system, re-order point 
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(ROP) is also not in use, while safety stock is mistakenly used as ROP and calculated 
without a standard formula. The outcome of the current state analysis is the summary 
of strengths and weaknesses of the current inventory management.  
 
The draft proposal focused on the weaknesses of the current state and adopted the 
methodology from the conceptual framework to tackle these weaknesses. The pro-
posed framework starts with inventory categorization, followed by selection of inventory 
review policy, and finished with defining replenishment parameters. The framework 
aims for overall saving from inventory by defining the right time to replenish, the right 
amount to replenish and the right safety stock. Particularly, the amount of safety stock 
takes service level into calculation, thus, specific service level can be maintained. 
 
In addition, the relevant configurations in SAP were also studied. Without the configura-
tion in SAP, changes do not happen. As a result, the draft proposal is a flow chart that 
contains three steps, from inventory categorization to assigning inventory control sys-
tem (MRP type in SAP) to defining replenishment parameters, each step point to the 
settings in SAP. Moreover, the draft proposal was presented to purchasers, logistics 
managers and senior management for feedbacks and improvements. 
 
The proposal was validated through testing. The testing results along with the proposal 
were presented to the top management for validation of the case company. The feed-
back was positive. Serious interest was aroused during the one-to-one discussion. The 
proposal received support from the top management, who wished to know the next 
steps how to put the plan into practice.  
 
Moreover, the summary of benefits and challenges of the framework listed in Table 11 
were shared with the top management who acknowledged the same.  
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Table 11. Benefits and challenges of the proposed inventory management framework. 
 
 
As seen in Table 11, the framework brings numerous benefits to the company, not only 
in terms of cost saving, but also for productivity and efficiency improvement.  
 
7.2 Next Steps and Recommendations towards Implementation of the Proposal 
 
Following the endorsement from top management on the proposal, the following imme-
diate steps are suggested in Table 12 as a guideline for implementation.  
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Table 12. Next steps for implementation. 
 
 
The above Table 12 contains the concrete actions, ownership and participants of each 
step. As suggested by the senior management, the implementation can be started with 
a small group of products first before rolling out to all products especially in SAP (Ap-
pendix 9, Aftersales director). Step 1 starts with approximately 10% of all products. 
Following the success of Step 1, Step 2 expands the testing to approximately 50%-
70% of all products. Step 3 implements to 100% of all products.   
 
In addition to the immediate next steps in Table 12, the following Table 13 suggests the 
full implementation plan particularly for Step 3 – fully implement to 100% products. The 
customized plan adopts the concept of PDCA (plan-do-check-adjust) cycle, as PDCA is 
a management method for continuous improvement, and inventory management is a 
continuous improvement project.  
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Table 13. Full implementation plan. 
 
 
Table 13 shows that the full implementation plan consists of four steps in a PDCA cy-
cle. The practical actions of each step are also listed and can be refined. This circular 
plan provides a standardized method for continuous improvement and fosters team-
work. The successfully implementation, however, requires top management’s support 
and enforcement.  
 
7.3 Thesis Evaluation  
 
Combination of reliability and validity, as well as possible other criteria such as rele-
vance, rigor, logic etc, provide scientific proof to the quality of research. Reliability and 
validity are the most typical requirements for any acceptable, relevant research. To 
evaluate how reliable and valid the research process was in this study, both reliability 
and validity need to be tested.  
  
Reliability in qualitative research relates to key points of trustworthiness and authentici-
ty of research. Reliability measures if a finding or data is free from error and consistent 
results can be achieved following the same procedure or using the same methodology. 
Concept of reliability consists of two dimensions, repeatability and consistency 
(Zikmund 2003: 300). Repeatability requires research procedure to be elucidated and 
well documented, in this way, any other investigators can repeat the research. Con-
sistency means ensuring that any external investigator following the documented pro-
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cedure, should receive the same results or reach the same conclusions. The objective 
of reliability is to eliminate biases and ensure accuracy in the research process and 
results. One way to increase reliability of a case study is to maintain logical chain of 
evidence (Benbasat et al.1987; Yin 1994).  
 
To evaluate the reliability of this study, the processes and methods of data collection 
and data analysis were discussed and approved by stakeholders in the early stage, 
each process was documented, so that other researchers can replicate the research in 
the exact same way. Additionally, the proposal was built against the theoretical back-
ground and best practice, and proved relevant to the context of the case company in 
discussions and interviews with different participants. 
 
Validity is defined as “the extent to which [a test] measures what it claims to measure” 
(Gregory 1992: 117). In other words, validity provides a proof whether a study 
measures what it claims.  In qualitative research, validity ensures that the tools used, 
as well as findings and data are accurate. As such, validity of a study requires multiple 
sources of evidence. Moreover, validity needs to be performed continuously, not in one 
single instance. Many researcher stress that reliability is essential but not sufficient 
condition for validity, a reliable study does not mean valid, but a valid study must be 
reliable at the same time. 
 
To evaluate the validity of this study, stakeholders of the case company not only en-
dorsed the research design and the authenticity of the collected data, and reviewed 
data analysis methods, but also tested the relevance and logic of the proposal building 
to ensure it is in accordance with the objective.  
 
In addition, some researchers also stress the need for relevance and logic as part of 
ensuring a rigorous study.  
 
Logic means “cause-and-effect explanation of an action, decision, event, phenomenon 
or solution” (BusinessDictionary.com 2017). In this study, the logic was ensured by the 
steps illustrated in research design diagram and logical chain of evidence.    
 
Finally, relevance means the study is connected to issues or problems in real-world. 
(Concepts L 2013). In this study, the relevance was treated as part of the reliability and 
concentrated on ensuring the fit between the objective and the outcome.  
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Data 1: Field note 1 for interview with logistics manager.  
Date 11/10/2016   
Name (code) of 
the informant MTSJS   
Position LOGISTICS 
MANAGER   
Duration NA   
   Subject Questions Answers 
Current invento-
ry categorization 
What are inventory 
products? Can I 
have a list of all 
inventory prod-
ucts? 
You may get the list from helpdesk. If you re-
ceive it from helpdesk, that's good, please also 
show it to me. 
Current invento-
ry categorization 
What are current 
types of invento-
ries?  
Inventory product is only ZM01 A products and 
safety stock should be always in place. ZM01 
B are those products we keep in stock for rea-
sons such as bulk purchase, delivery time 
constraint etc, but they are not inventory prod-
uct in that sense, we don't promise our cus-
tomers that they are available in our ware-
house. Thus, inventory product is only ZM01 A 
Current Replen-
ishment process 
What is current 
purchasing pro-
cess? 
Purchasing process is in our logistics memo. 
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Data 1: Field note 2 for interview with aftersales director 
Date 18/01/2017   
Name (code) of 
the informant MTSAM   
Position Director   
Duration NA   
   Subject Questions Answers 
Current inventory 
category 
How is a product 
classified as make-to-
order or make-to-
stock product? what 
are the considera-
tions 
When considering the ABC classification, 
it is always a promise to the end user. If 
the class is A it 
means that the product is stocked and 
should be always available. This decision 
is done by product 
managers together with sales people. 
The other option of selecting something to 
be used as stocked product is for reasons 
of transportation 
costs. If the product is of small size and 
low cost, it is normally economically smart 
to buy it always in 
batches even if the need is just for one at 
a time. 
Current replen-
ishment process: 
safety stock 
How is safety stock 
level determined and 
by whom? 
Safety stock determination and manage-
ment should be done by purchase people 
(see attached slide 
where the situation is explained. It is in 
Finnish but I think you understand it any-
way, right?). 
Current replen-
ishment process: 
safety stock 
How is safety stock 
managed or updated 
later on and by 
whom? 
By purchaser. 
Current Inventory 
control system 
How is MRP type 
determined in SAP? 
I do not know the other MRP-types, they 
are not in use in the company, but in 
some other Group companies. This is one 
part of the 'complicated process' I men-
tioned in previous 
email. I think that there would be plenty of 
options for doing automated or semi-
automated material 
procurement in MRP but the problem was 
that none of the consultants ever showed 
us how they are 
working so we are using the one we chose 
in the start, which means PD that is work-
ing related to 
Safety stock, Minimum order lot and 
Planned Delivery Time. 
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Replenishment 
process 
As far as you know, 
what are existing 
practices used to re-
duce inventory? pros 
and cons? 
We have done some rounds of mass op-
timization when I was i charge, meaning 
that I used excel for 
calculation of average consumption and 
then reset the safety stock levels accord-
ingly. There is no 
repeating procedure to do this. 
Replenishment 
process 
Have you tried or 
considered automat-
ing purchase order for 
MTS products by con-
figuring 
re-order-point and 
economic order quan-
tity in SAP? If yes, 
what is your opinion? 
re-order-point and economic order quanti-
ty in SAP? If yes, what is your opinion? 
This is in use for own production (Manu-
facturing unit). It has been used for some 
time and it is 
mainly working ok, but it is still creating 
some extra manual work because the de-
livery times of our 
sales orders are constantly changing and 
the automatic setup is quite 'strict'. For 
example if the 
original order is for 15.5. for 5 pieces, the 
automated purchase order is created ok. 
But if after the 
order is made the original shipping date is 
moved to 10.5. the automatic purchase 
program creates a 
new purchase order, because the original 
is arriving too late. 
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Data 1: Doc. wholesale inventory product control 
Wholesale inventory product control (English translation) 
Logistics / Purchasers control AMG / Product Managers Control 
MPR Group 
-ZM01=make-to-stock product 
-ZM02=make-to-order product 
Safety Stock 
-Desired available quantity in 
warehouse for inventory product 
Minimum lot size 
-Order requisition amount 
-ZM01 = make to stock 
-ZM02 = make to order 
Planned delivery time 
-Total delivery time from order 
issue to goods receipt 
Goods receipt time = GR time 
-Warehouse reserved unloading 
time 
A-product=make-to-stock product or inventory 
product 
-Always ZM01 
-Safety stock always >0 
-A product availability to be monitored 
-AMG meeting or product managers decide on A 
products 
B-product=optional product 
-Usually ZM02, can be also ZM01 
-Safety stock by default is 0, minimum lot size can 
de due to logistics reasons.  
-AMG decides on B selection 
C product=project product 
-Wholesale purchase make-to-order products from 
group suppliers. 
-Can be inventory product exceptionally (for exam-
ple, big chain customer's orders) 
 
Updated on 06.03.2017 
Original document in Finnish 
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Data 1: Field note 3 for interview with purchasers 
Date 30/01/2017   
Name (code) of 
the informant MTSPUR   
Position Purchasers   
Duration NA   
   Subject Questions Answers 
Replenishment 
process 
What is the strength of 
the current replenish-
ment process of A 
products? (what is 
good?) 
Answer 1: 
1. It is semi-automatic. SAP automatically 
generate purchase request when safety 
stock falls short. Purchaser can simply 
drag and drop PR to turn it to a new pur-
chase order.  
2. It does take into account future out-
bound orders. 
3. Supplier has been pre-set.  
 
Answer 2: 
Sap creates automatically purchase requi-
sitions for stock items (the earlier system 
did not). The requisitions take into account 
the delivery time and the safety stock. It is 
a simple and easy system.  
Replenishment 
process 
What is the weakness 
of the current replen-
ishment process of A 
products? (what should 
be improved?) 
Answer 1: 
1. Purchase needs to manually decide 
when to order, how much to order to save 
logistics cost or get discount from supplier 
2. Purchase request date does not take 
into consideration realistic lead time 
3. Containerized shipment reduce logistics 
cost, but bring in unnecessary stock, es-
pecially when demand quantity is lower 
than container loading quantity. Container-
ized shipment is mainly ordered manually.  
4. A new purchase request is generated 
whenever safety stock falls short, which 
leads to multiple separate purchase re-
quests, purchaser needs to manually con-
solidate these purchase requests.  
 
Answer 2: 
- The current system does not automati-
cally calculate the average demand of 
items based on the history data when cre-
ating the purchase requisitions. This is 
why sometimes the pur. reqs may come 
too late, so you have to check the A prod-
uct situation also manually for popular 
products. 
- There is a lack of a simple list of all cur-
rent A products per vendor, which would 
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be useful when checking the quantities 
manually for PO's of A products.  
Replenishment 
process 
What strategy have 
you used to reduce A 
products inventory? 
Pros and Cons? 
Answer 1: 
1. Monitor MB52 inventory value. Sort by 
descending to identify highest contribu-
tors, order less for future if necessary. 
 
Answer 2: 
-minimizing lot size 
 
Answe 3: 
-Reduced the amount of safety stock.  The 
inventory diminish, but there might be 
something out of stock more often. 
 
Answer 4: 
- Regular follow-up of stock quantities by 
function MB52 and reduction of safety 
stocks of some items if needed.  
Replenishment 
process 
What do you update 
regularly? (multiple 
selection) 
Answer 1: 
Safety stock, Planned delivery time 
 
Answer 2: 
Safety stock 
 
Answer 3: 
Safety stock 
 
Answer 4: 
Safety stock, Planned delivery time 
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Replenishment 
process 
How often do you ad-
just safety stock? 
Answer 1: 
Sometimes 
 
Answer 2: 
Sometimes 
 
Answer 3: 
Sometimes 
 
Answer 4: 
Sometimes 
Replenishment 
process 
How do you calculate 
the amount of safety 
stock? 
Answer 1:  
1-2 x consumption 
Answer 2:  
(Max consumption-average consumption)* 
lead time 
Answer 3:  
Generally average monthly consumption 
multiplied 1- 1,5 with some exception, sub-
ject to delivery time or some other special 
agreement. 
Answer 4:  
In general, the average demand for a pe-
riod of approximately one month. There 
are also exceptions (for example for ex-
pensive units or units with a very short 
lead time).  
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Data 1: Field note 4 for interview with aftersales director.
Date 22/03/2017 
 Name 
(code) of 
the inform-
ant MTSAM   
Position Director   
Duration NA   
   Subject Questions Answers 
Demand 
Forecasting 
Do we have demand fore-
casting process in place? If 
yes, can you describe it 
briefly? If not, why not? 
No, we do not have any external or au-
tomated demand forecasting process. 
The process is fully related to purchase 
person being active and following the 
trends and open orders in SAP. For 
many of our products the demand is so 
unstable and fluxuating that it might not 
even work with an automate - but then 
again I guess there could well be a hun-
dred or even more articles that have a 
quite constant flow and could be fore-
casted better than today. 
Demand 
Forecasting 
For all equipments(not 
spareparts) in Wholesale, 
are demands of such inde-
pendent or dependent?  (I 
assume they are independ-
ent, typically finished goods' 
demand is independent) 
Relating to the table below, our demand 
is almost fully independent. Only things 
that could be considered dependent are 
the Chinese equipment (dependancy 
coming from the limit in purchase quanti-
ty related to a container) and maybe 
something with our own production in 
Kerava where things are more economi-
cal to be produced in batches. 
Demand 
Forecasting 
When a new product is 
added to our assortment, is 
there any initial demand 
forecast or anticipation? 
how is it done? eg. by ex-
perience, hunch? 
Your proposal is quite correct. If the 
product is something we do not previous-
ly have, then the forecast is based on 
hunch/experience, normally that of the 
product manager. Of course if the situa-
tion is so that we replace an existing 
product with a new similar featured prod-
uct, then the demand can be forecasted 
related to the consumed quantities of the 
previous model. 
Demand 
Forecasting 
Do we do past consumption 
analysis on existing or old 
products?  
Yes we have done it several times in 
bigger 'runs' with excel (I did it when I 
was responsible of purchase). But ac-
cording to our instructions, this is also a 
process that should be done by purchase 
persons as part of their normal work. The 
consumption levels should be checked 
regularly and safety stocks / minimum 
order quantities adjusted accordingly.  
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Data 1: Doc. current purchasing process
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Data 2: Field note 5 for group discussion with purchasers. 
 
 
 
 
Original sticky notes:  
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Data 2. Field note 6 for 1-1 discussion with logistics manager. 
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Data 2. Field note 7 for group discussion with director and manager. 
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Data 3. Field note 8 for 1-1 discussion with business unit director. 
 
Date 13/04/2017 
Type of Data 
Collection 
1-1 Discussion 
Name (code) of 
the informant 
MTSSK 
Position Business Unit Director 
Duration 15:30-16:15, 45mins 
   
Subject Content 
Feedback on 
draft Proposal & 
Final Validation 
MTSSK: tell me about the safety stock calculation? Where did you 
get the formula? Show me how to calculate? What is the Z score? 
can you send me the link where you get the safety stock formula? 
-Here is the article that explains the safety stock formula, where 
you can see Z score is relevant to service level. I got it from MIT 
website. I will send you the link. 
 
MTSSK: The safety stock formula looks very interesting. We can 
set different service level for different products. For example, the 
service level of expensive products can be slightly lower while that 
of cheap products can be higher because we can afford to keep 
more of them in the stock.  
 
MTSSK: Explain the numbers on the testing report.  
 
MTSSK: The 26% saving on the testing results imply potential sav-
ing on overall stock value. Lowering the capital tied up to inventory 
is one of the very important performance indicator in our headquar-
ter.  
 
MTSSK: The idea of this proposal is at strategic level. I like the 
idea very much. We know this is the right way we are supposed to 
do, and you make it with your own method. Good work. 
 
MTSSK: It seems there are many SAP features that are not in use. 
Have you tried those SAP transactions yourself? 
-I went to check whether I can access to those transactions and 
how they look like, but I haven't tested all the transactions in SAP 
yet. 
 
MTSSK: What shall we do next? Perhaps we can start from testing 
it in SAP testing environment.  
-Or we can start with computing the parameters in excel first and 
update the parameters in SAP and configure SAP properly. 
MTSSK: You should definitely go ahead with your proposal, finish 
the thesis and graduate. Please send me your thesis, I am inter-
ested to read and check it.  
 
